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LETTER 
OF THE 
SECRETARY OF THE SMITHSONIAN INSTITUTION, 
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The Annual Report Q/ the operations, expenditures, and condition of the 
Smithsonian Institution for the year 1857. 
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JuNE 12, 1858.-~esolved, That there be printed of the Report on the Condition of the 
Smithsonian Institution, seven thousand copies; five thousand copies for the use of the mem-
bers of the House of Representatives, and two thousand for the use of the Institution. 
SMITHSONIAN INSTITUTION' 
Washington, May 26, 1858. 
SIR: In behalf of the Board of Regents, I have the honor to submit 
to the Senate of the United States the Annual Report of the opera-
tions, expenditures, and condition of the Smithsonian Institution for 
the year 1857. 
I have the honor to be, very respectfully, your obedient servant, 
JOSEPH HENRY, 
Secretary Smithsonian Institution. 
Hon. JAMES L. ORR, 
Speaker of the House of Representatives. 
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TUE OPERATIONS, EXPENDITURES, AND CONDITION OF THE INSTITUTION UP TO JANUARY 
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In obedience to the act of Congress of August 10, 1846, establishing 
the Smithsonian Institution, the undersigned, in behalf of the Regents, 
submit to Congress, as a report of the operations, expenditures, and 
condition of the Institution, the following documents: 
1. The Annual Report of the Secretary, giving an account of the 
operations of the Institution during the year 1857. 
2. Report of the Executive Committee, giving a general statement 
of the proceeds and disposition of the Smithsonian fund, and also an 
account of the expenditures for the year 1857. 
3. Report of the Building Committee. 
4. Proceedings of the Board of Regents up to May 19, 1858. 
5. Appendix. 
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R. B. TANEY, Chancellor. 
JOSEPH HENRY, Secretary. 
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INTRODUCTION. 
General considerations which should serve as a guide in adopting a 
Plan of Organization. 
1. WILL OF SMITHSON. The property is bequeathea to the United 
States of America, "to found at Washington, under the name of the 
SMITHSONIAN INSTITUTION, an establishment for the increase and diffu-
sion of knowledge among men." 
2, The bequest is for the benefit of mankind. The government of 
the United States is merely a trustee to carry out the design of the 
testator. 
3. The Institution is not a national establishment, as is frequently 
supposed, but the establishment of an individual, and is to bear and 
perpetuate his name. 
4. The objects of the Institution are, 1st, to increase, and 2d, to 
diffuse knowledge among men. . 
5. These two objects should not be confounded wjth one another. 
The first is to enlarge the existing stock of know ledge by the addi-
tion of new truths ; and the second, to disseminate knowledge, thus 
increased, among men. 
6. The will makes no restriction in favor of any particular kind of 
knowledge; hence all branches are entitled to a share of attention. 
7. Knowledge can be increased by different methods of facilitating 
and promoting the discovery of new truths; and can be most exten-
ively diffused among men by means of the press. 
8. To effect the greatest amount of good, the organi~ation should. ?e such as to enable the Institution to produce results, m the w~y of 
mcreasing and diffusing knowledge, which cannot be produced either 
at all or so efficiently by the existing institutions in our country. . 
. 9. The organization should also be_ such a~ can b~ aclo~ted provi-
s10nally, can be easily reduced to practice, receive mod16cat1on , or be 
abandoned, in whole or in part, without a sacrific of the funds. 
10._ In order to compensate, in so~e mea n:e, _for the los ?f t_ime 
oocas1oned by the delay of eight years m estabh hrng the Institution, 
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a considerable portion of the interest which has accrued should be 
, added to the principal. 
11. In proportion to the wide field of knowledge to be cultivated, 
the funds are small. Economy should therefore be consulted in tlie 
construction of the building ; an'd not only the first cost of the edifice 
should be considered, but also the continual expense of keeping it in 
repair, and of the support of the establi_shl?e.nt necessarily connected 
with it. There should also be but few _md1v1duals permanently sup-
ported by the Institution. 
12. The plan and dimensions of the building should be determined 
by the plan of organization, and not the converse. 
13. It should be recollected that mankind in general are to be bene-
fitted by the bequest, and that, therefore, all unnecessary expenditure 
on local objects would be a perversion of the trust. 
14. Besides the foregoing considerations deduced immediately from 
the will of Smithson, regard must be had to certain requirements 
of the act of Congress establishing the Institution. These are, a 
library, a museum, and a gallery of art, with a building on a liberal 
scale to contain them. 
SECTION I. ~ 
Plan uf Orgariization of the Institution in accordance with the foregoing 
. deductions from tlie will of Smithson. 
To INCREASE KNOWLEDGE. It is proposed-
. 1. ~o stimulate men of talent to make original researches, by offer-
mg smtable rew~rds for memoirs containing new truths ; and 
2
- To appropriate an;1ual_ly a portion of the income for particular 
researches, under the direction of suitable persons. 
To DIFFUSE KNOWLEDGE. It is proposed-
1 T bl' h · · · d'ffi. 0 pu 18 a senes of penodical reports on the .progress of the 
l erent bran_ches of knowledge ; and 
. t2· To publish occasionally separate treatises on subiects of general 
rn erest. .J 
DETAILS OF THE PLAN TO INCREASE KNOWLEDGE. 
l.-By stimulating researches. 
1. Facilities afforded fi th d · · · · 11 brancbes of knowledge. or e pro uct10n of ongmal memoirs on a 
2
- The memoirs thus obt · d t b . in a quarto form d ~i~e O _e published in a series of volumes, 
ledge. ' an entit ed Smithsonian Contributions to Know-
3. J,. ... o memoir on subie t f h . . p· blication which d J c s O ~ ys1cal science to be accepted for 
knowledge restin oes .n?t furnish a positive addition to human 
ion to be'rejectef on ongmal research ; and all unverified specula-
4. ach me · 
. . mo1r presented to th I . . . . d .!' 
x mmation to a com . . e nst1tution to· be subm1tte 1or 
m1ss10n of per t· . . · sons o reputation for learnmg lll 
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the branch to which the memoir pertains; and to be accepted for pub-
lication only in case the report of this commission is favorable. 
5. The commission to be chosen by the officers of the Institution 
and the name of the author, as far as practicable, concealed, unless ~ 
favorable decision be made. 
6. The volumes of the memoirs to be exchanged for the transactions 
of literary and scientific societies, and copies to be given to all the 
colleges and principal libraries in this country. One part of the 
remaining copies may be offered for sale; and the other carefully pre-
served, to form complete sets of the work, to supply the demand from 
new institutions. 
7. An abstract, or popular account; of the con ten ts of these memoirs 
to be giyen to the public through the annual report of the Regents to 
Congress. , 
II.-By appropriating a part of the income, annually, to special objects of 
research, under the direction of suitable persons. 
1. The objects, and the amount appropriated, to be recommended 
by counsellors of the Institution. 
2. Appropriations in different years to different objects, so that, in 
course of time, each branch of knowledge may receive a share. 
3. The resµlts obtained from these appropriations to be published, 
with the memoirs before mentioned, in the volumes of the Smithsonian 
Contributions to Know ledge. 
4. Examples of objects for which appropriations may be made. 
(1.) System of extended meteorological observations for solving the 
problem of American storms. 
(2.) Explorations in descriptive natural history, and geological, 
magnetical, and topographical surveys, to collect materials for the 
formation of a Physical Atlas of the United States. 
(3.) Sohition of experimental problems, such as a new determination 
of the weight of the earth, of the velocity of electricity, and of light; 
chemical analyses of soils and plants; collection and publication of 
scientific facts, accumulated in the offices of government. 
(4.) Institution of statistical inquiries with reference to physical, 
moral, and political subjects. 
(5.) Historical researches and accurate surveys of places celebrated 
in American history. 
(6.) Ethnological researches, particularly with reference to the dif-
ferent races of men in North America; also, explorations and accurate 
surveys of the mounds and other remains of the ancient people of our 
country. 
DETAILS OF THE PLAN FOR DIFFUSING KNOWLEDGE. 
I.-B y the publication of a series of reports, giving an account of the new 
discoveries in science, and of the changes made from year to year in 
all branches of knowledge not strictly professional. 
1. These reports will diffuse a kind of knowledge generally jntere t-
ing, but which, at present, is inaccessible to the public. , me of the 
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reports may be published annually, oth~rs at longer intervals, as the 
income of the Institution or the changes m the branches of knowledge 
may indicate. 
2. The reports are to be prepared by collaborators eminent in the 
different branches of knowledge. 
3. Each collaborator to be furnished with the journals and publica-
tions, domestic and foreign, necessary to the compilation of his report; 
to be paid a certain sum for his labors, and to be named on the title-
page of the report. 
4. The reports to be published in separate parts, so that persons 
interested in a particular branch can procure the parts relating to it 
without purchasing the whole. 
5. These reports may be presented to Congress for partial distri-
bution, the remaining copies to be given to literary and scientific 
institutions, and sold to individuals for a moderate price. 
The following are some of the subjects which may be embraced in · 
the reports : 
I. PHYSICAL CLASS. 
1. Physics, including astronomy, natural philosophy, chemistry, 
9.nd meteorology. 
2. Nat~ral history, including botany, zoology, geology, &c. 
3. Agnculture. 
4. Application of science to arts. 
II. MORAL AND POLITICAL CLASS. 
5t: ~t~nology, including particular history, comparative philology, 
an 1qmties, &c. . · 
6. tati ticR and political econqmy. 
1. Mental and moral philosophv. 
8
· A survey of the political evevnts of the world, penal reform, &c. 
III. LITERATURE AND THE FINE ARTS. 
9. Modern literature. n TB~bel_fine arts, and their application to the useful arts 
• 1 • 10graphy. · 
12. Obituary notices of distinguished. individuals. 
II. By the publication oif t . . , • 
separa e treatises on s·ubJects of general interest. 
l. The. e treatises ma · · . 
tran latel from fi . { occas10nally consist of valuable memoirs 
ir ction of the 1°r~~f ~. anguages, or of articles prepared under the 
t expo ition 0t! 1 ~ wn, 0b: procured by offering premiums for the 2 Th given su ~ect 
f . e treatises should . 11 . . . . comll tent judg .'ma cases, be submitted to a commission 
es prev10us to their publication. , 
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3. As examples of these treatises, expositions may be obtained of 
the prese~t state of the several branches of knowledge mentioned in 
the table of reports. 
SECTION II. 
Plan of organization, in accordance with the terms of the resolutions of 
the Board o/ Regents providing for the two modes of increasing and 
dijfitsing knowledge. 
1. The act of Congress establishing the Institution contemplated 
the formation of a library and a museum; and the Board of Regents, 
including these objects in the plan of organization, resolved to divide 
the income* info two equal parts. 
2. One part to be appropriated to increase and diffuse knowledge 
by means of publications and researches, agreeably to the scheme 
before given. The other part to be appropriated to the formation of 
a library and a collection of objects of nature and of art. 
3. These two plans are not incompatible one with another. 
4. To carry out the plan before described) a library will be required, 
consisting, 1st, of a complete collection of the transactions and pro-
ceedings of all the learned societies in the world; 2d, of the more 
important current periodical publications, and other works necessary 
in preparing the periodical reports. 
5. The Institution should make special collections, particularly of 
objects to illustrate and verify its own publications. 
6. Also, a collection of instruments of research in all branches of 
experimental science. 
7. With reference to the collection of books, other than those men-
tioned above, catalogues of all the different libraries in the United 
States should be procured, in order that the valuable books first pur-
chased may be such as are not to be found in the United States. 
8. Also, catalogues of memoirs, and of books and other materials, 
should be collected for rendering the Institution a centre of biblio-
graphical knowledge, whence the student may be directed to any work 
which he may require. 
9. It i~ believed that the collections in natural history will increase 
by dona.tion as rapidly as the income of the Institution can make pro-
vision for their reception, and, therefore, it will seldom be necessary 
to purcha e articles of this kind. 
10. Attempts should be made to procure for the gallery of art casts 
of the most celebrated articles of ancient and modern sculpture. 
11. The arts may be encouraged by providing a room, free of ex-
pense, for the exhibition of the objects of the Art-Union and other 
similar societies. 
• The amount of the Smithsonian bequest received into the Treasury of th e 
Un ited States is.................................................... 515,169 00 
Interest on tho same to July I, 1846, (devoted to the erection of the 
build ing)........................................................... 242,129 00 
Annual income from the bequest, ........................ ,,,,........... 30,910 14 
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12. A small appropriation should _annually )le made for models of 
antiquities such as those of the remams of ancient temples, &c. 
13 For' the present, or until the building is fully completed, be-
sides· the Secretary, no .permanent as~istant will be required, except 
one, to aet as librarian. · 
14. The Secretary) by the law of Congress, is alone responsible to 
the Re()'ents. He shall talre charge of the building and property, 
keep a 
1
\ecord of _proceedings, disch~rge the duties of librarian and 
keeper of the museum, and may, ·with the consent of the Regents, 
employ assistants. . . . . 
15. The Secretary and his assistants, durmg the sess10n of Congress, 
will be rEquired to illustrate riew discoveries in science, and to exhibit 
new objects of art; distinguished individuals should also be invited to 
give lectures on subjects of general interest. 
This programme, which was at first adopted provisionally, has be-
~ome the settled policy of the Institution. The only material change 
1s that. expressed by the following re~olutions, adopted January 15, 
1855, VIZ: , 
Resolved, That the 7th resolution passed by the Board of Regents, 
on the 26th of January, 1847, requiring an equal division of the in-
come between the active operations and the museum and library, 
when the buildings are completed, be and it is hereby repealed . 
. Resolved,. That hereafter the annual appropriations shall be appor-
hon~d ~pec1~cally among the different objects and operations of the 
Institut10n, m such manner as may, in the judgment of the Regents, 
be necessary and _Prope: for each, according to its intrinsic impor-t-
ance, and a compliance m good fait4 with the Jaw. 
REPORT OF THE SECRETARY FOR 1857 J 
To the :(Joard of Regents: 
GENTLEMEN : It again becomes my duty to present to you the 
history of the operations of another year of the Institution which 
the government of the United States has entrusted to your care. In 
an establishment of this kind, of which the policy has been settled 
and is strictly adhered to, there must of necessity be much sameness in 
the general form and character of the successive reports ; but since 
the :field of science is boundless, and new portions of it are continually 
presented for investigation, there will always be found in the details, 
facts of sufficient interest to relieve the routine of the statements 
relative to the condition of the funds and the scrutiny of the receipts 
and expenditures. 
It might at :first sight appear surprising that so constant a supply 
of materials for the Smithsonian Contributions and so many objects of 
interest, demanding the assistance of the Smithsonian fund, should 
be presented, but it will be evident, on reflection, that this results 
from the influence of the Institution itself in increasing the number 
of laborers in the :field of science, as well as in accumulating the 
materials on which they are to be engaged. The tendency is con-
stantly to expand the operations, and much caution and self-control 
are necessary to repress the desire to be more liberal in the assistance 
rendered to worthy objects, than the income will permit. Indeed, a 
charge is frequently made of illiberality for what is the result of re-
stricted means. It must be evident that nothing is more important to 
the permanency and proper conduct of the Institution than the cautious 
and judicious management of its funds. Any embarrassment in this 
quarter would involve a loss of confidence in the directors, which would 
be fatal to the usefulness and efficiency of the establi hment. 
I have from the first expressed the regret that the original law of 
Congress directed the expenditure of so large a portion of the income 
on oldects of a local character, and this feeling has been increa ed by 
the experience which time has afforded in regard to the g otl which 
could be eifected by a more critical observance of the terms of the 
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bequest, as well as by the increasing ~xpense of sustaining a large 
building, a library, and museum. It is to be hoped, however, that 
at least a partial relief will hereafter be afforded by an annual appro· 
priation, which it is reasonable to expect government will make for 
the keeping and exhibition of the collections of the various exploring 
expeditions which have been entrusted to the care of the Regents. 
At the last ses_sion of Congress an appropriation was made for the 
construction and erection of cases to receive the collections of the 
United States Exploring Expedition and others in Washington, and 
also for the transfer and arrangement of the specimens. This appro-
priation was granted in accordance with the recommendation of the 
late Secretary of the Interior and the Commissioner of Patents, in 
order that the large room in the Patent Office occupied by the museum 
might be used for the more legitimate purposes of that establishment. 
We presume that the other part of the recommendation will also be 
carried out, namely, tliat the annual appropriation be continued which 
has heretofore been made for the care of this portion of the govern-
ment property. While, on the one hand, no appropriation should be 
made which would serve to lessen the distinctive character of Smith-
son's bequest, on the other it is evident that the government should · 
not impose any burdens upon the Institution which would impair its 
usefulness or divert its funds from their legitimate purpose. 
It was stated in the last report that the extra fund of the Insti-
tution, which had been saved from the accrued interest was invested 
in State Stocks. This investment was made because the fund was at 
the time drawing no interest, and because, until action could be pro-
cured by Congress in relation to receiving said fund into the United 
8tates Treasury, it was deemed the safest disposition of the money. 
Though a temporary depreciation of th~se stocks took place during 
th
e last year, there is no reason to regret the investment. Their 
marketable value is at present about the same as it was at the time 
they were purchased. 
By reference to the report of the Executive Committee it will be 
seen that the expenditures during the year though less than the 
amount f · t h ' 
1..__ 
0 
_receip s, ave somewhat exceeded the esti~ates. This has 
~n occasioned first by d . . 
' , unexpecte repaus which were found neces• 
ry to the buildin (J' in . 
h. h d o, consequence of an unprecedented hail storm, 1c e troyed s l th 1 
· . evera ousand panes of glass and did considerab e 
lDJury to tbe roof d th 
- p . an ° er parts of the edifice · secondly, by an 
n ' n of the s t f £ . ' li 1 rg ys em O oreign exchanges, rendered necessary by 
e amount of t · l h 
ma ena entrusted to the Institution by t e 
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different agricultural and other societies of the country; and thirdly, 
the necessity we were under, on account of the financial pressure, of 
paying bills for publications which will appear during the present 
and the next year. The funds of the Institution are, however, still 
in a prosperous condition, hqt great care is required to prevent the 
accumulation of small expenses, which, individually, by reason of 
their insignificance, are allowed to occur, but which in the aggregate, 
at the end of the· year, are found to have swelled into amounts of 
considerable magnitude. 
Publications.-The ninth annual quarto volume of Contributions to 
Knowledge was completed and distributed during the first half of the 
year. It is equal in size and importance to the preceding volumes, 
and contains the following memoirs : 
1. On the relative intensity of the heat and light of the sun upon 
different latitudes of the earth. By L. W. Meech. 
2. Illustrations of surface geology, by Edward Hitchcock, LL.D., 
of Amherst College. 
Part 1. On surface geology, especially that of the Connecticut 
valley, in New England. 
Part 2. On the erosions of the earth's surface, especially by 
rivers. 
Part 3. Traces of ancient glaciers in :Massachusetts and Ver-
mont. 
3. Observations on Mexican history and archooology, with a special 
notice of Zapotec remains, as delineated in Mr. J. G. Sawkins' draw-
ings of Mitla, &c. By Brantz Mayer. 
4. Researches on the Ammonia Cobalt bases. By Professor Wol-
cott Gibbs and Professor F . .A.. Gen th. 
5. New tables for determining the values of the co-efficients in the 
perturbative functions of planetary motion, which depend upon the 
ratio of the mean distances. By J. D. Runkle. 
6. Asteroid supplement to new tables for determining the values of 
b~ and its derivatives. By J. D. Runkle. 
It was stated in the last report that Mr. L. W. l\Iecch propo. ed to 
continue his interesting investigations relative to the heat and light 
of the sun, provided the Smithsonian Institution would pay the ex-
pense of the arithmetical computations. Though mo t of hi time is 
neces arily occupied in other duties, he would cheerfully devote his 
leisure hours to the investigation with a view of extending the bounds 
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of knowledge. During the past year an appropriation has been made 
f one hundred dollars for the purpose here mentioned, and we are 
:ssured, from what Mr. Meech has already accomplished, that this 
sum will be instrumental in producing valuable results. He proposes 
to determine, from several elementary formulas, the laws of terres-
trial temperature for different latitudes. The first formula has been 
pretty thoroughly applied, and the annual temperature computed by 
it compared with the , result of actual observation. The diurnal 
temperatures have also been deduced and seem to agree with actual 
observation within the presumed errors of the latter. The temper-
r 
ature, however, of the surrounding medium, derived from the annual 
temperature, differs widely from the results obtained by the diurnal 
temperatures. The author is inclined to attribute this difference to a 
defect in the law of radiation as generally received, which, deduced 
from experiments in the laboratory, he thinks inapplicable to the 
phenomena of terrestrial temperature. The second formula takes into 
account another cause of the variation of temperature, namely, the 
cooling due to the contact of the ai~; and the third formula includes 
also the effect of the absorption of solar heat in its passage through 
the atmosphere. The investigation will include the consideration of-
lst, terrestrial radiation ; 2d, contact of air ; 3d, the sun's in tensity ; 
4th, atmospheric absorption; 5th, the difference in radiating power of 
luminous heat by day and 
1
non-luminous heat by night. Among 
other inferences to be deduced is the relative heating or radiating 
powers of sea and continent, when the land is covered with foliage 
and vegetation, and when it is covered with ice and snow. These 
researches are intimately connected with the extended series of obser-
vations on the climate of the United States now carried on at the 
' expense and under the direction of the Institution. 
The paper of Professor Gibbs and Dr. Gentb, which forms a part of 
th
~ 
9th volume, has been republished in the American Journal of 
1 cience and in the L d Ch- · . . · on on emical Gazette due credit bemg given 
to the Smithsonian Contributions from whi~h it was copied. We 
regret to be informed by the authors of this interestino- paper that 
th
e um appropriated by the Institution for assisting in defraying the 
expen e of the m t · l d h 
a ena 8 an apparatus employed in their researc es 
was scarcely suffi · t t · 
l cien ° compensate for more than one-fourth of their out ay · Limited d · l b means, an not a want of proper appreciation of tne 
a ors of t.hese gentl J.' 11 • emen, prevented their entire reimbursement ior pecuniary los . h 
Th y inte d 8• lil t e prosecution of their valuable researches. 
n ' notwithstanding th" t . . . . . 1s, o contmue theu rnvest1gat10ns, 
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and to devote as much time to them as their other engagements and 
the means at their disposal will allow. Since this memoir has met 
the approval of the scientific world, it will be proper to make a 
liberal an appropriation as the demands on the limited income of the 
Institution will permit for the continuance of researches in the same 
line. The publication of the paper was of comparatively little 
expense, since it required no costly illustrations, and this may be an 
additional reason for granting a larger appropriation for further in-
vestigations in the same line. 
The ninth volume also contains the supplement to the tables by J. 
D. Runkle, mentioned in the last report. The tables in this supple-
ment are intfnded to facilitate calculations with reference to the 
asteroids. The search for these bodies has been prosecuted with so 
much vigor of late that their list now extends to more than fifty, and 
the mechanical labor required to calculate their places is so great that 
this can scarcely be expected to be accomplished, except by the use of 
general tables. 'rhe work of Gauss on the theory of the motion of 
the heavenly bodies leaves little to be desired, so far as the deter-. 
mination of their orbits is concerned; but this is by no means the 
case with regard to their perturbations by the larger planets. The · 
tables therefore will afford an important means of facilitating the ad_ 
vance of our knowledge, particularly of this class of the members of 
our solar system. 
The third part of the Nereis Boreali-Americana, by Dr. William H: 
Harvey, has been completed and wm be included in the tenth volume · 
of the Contributions. Two hundred extra copies of the text of the 
preceding parts having been struck off before the distribution of the 
types, and the drawings on the lithographic stones having been pre-
served, an equal number of plates from the latter have been printed 
and colored, so that we shall be enabled to make up two hundred 
copies of the complete work to be offered for sale, which will ervc, 
it is hoped, to reimburse, in some degree, the heavy expense incurred 
in the publication of this interesting addition to the science of botany. 
It may be proper to mention that the work was published in numbers, 
in order that the whole expense should be defrayed by the appro- · 
priation of different years, as well as to furnish the author the ppor-
tunity of rendering the work more complete by more extended re-
search. 
For the purpose of classification, the sea plants have been grouped 
2 s 
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under three principal heads which are readily distinguished by their 
general color. 
They are as follows : . . 
1. Melanospermere_.._plants of an olive-green or olive-brown color. 
2. Rhodosperinere, or plants of a rosy-red or purple color. 
3. 0hlorospermere, or plants of a grass, rarely of a livid purple 
color. 
The numbers of the work already published relate to the first two . 
divisions, and the third, now about to be issued, will contain the last, 
with an appendix describing new species discovered since the date of 
the former parts. 
The text of the first part of the work on Oology, mentioned in pre-
ceding reports, has been printed ; but the publication of the plates to 
accompany it will be so expensive that we were obliged to defer it 
until the present year. I.n the meantime the author will proceed with 
the preparation of the other parts of the memoir, and the whole will 
be completed as soon as the funds of the Institution will permit. 
From an accidental oversight in the preparation of the last Report, I 
neglected to mention the fact that the author of this interesting work 
is Dr. Thomas M. Brewer, of Boston. The omission of his name in 
the reports would not only be unjust to himself, but might also pre-
vent him from receiving in some cases additional information relative 
to his la})ors from correspondents who are engaged in the same line of 
research. The announcement of the fact of the intended publication 
of this memoir has induced a number of persons to enter into eorre-
pondence with the Institution on the subject, and we doubt not that 
these remarks will tend to call forth other additions to our knowledge 
· of this branch of natural history. 
Since the date of the last Report a grammar and dictionary of the 
Yorub~ language of Africa have been accepted for publication. Thi 
work IS another contribution from the missionary enterprise of the f ~e ent day, and has been prepared by the Rev. Thos. J. Bowen, of 
e. Southern Baptist Missionary ;Board, from materials collected 
durmg a re idence of · · A · · h 
h . six years lil fnca, and revised and rewritten wit 
· t e aid of W W T d d'cf · · urner, esq., of Washington. The grammar an 
.; ionary are prefaced by a brief account of the country and its inhab-
1 ant . The lonO' res·d f h • . r Af · h O 1 ence O t e author in this part of the interior 
nca as enabled him t th f ·t 
· opooraph. 1. 
0 g.a er more minute knowledge o 1 8 ) ,c Imate and produ f d · · · 1 ' d 
moral relaf f . ' . c ions, an of the poht1cal, socia , an 
ions O Its mbabitants than has before been obtained. Be 
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has collected interesting information as to the habits of thought and 
action of the people, and their capacity for moral and intellectual 
culture, which would have escaped the casual notice of the mere 
traveller. 
Yoruba is a country of Western Africa, situated to the east of 
Dahomey, and extending from the Bight of Benin, in a northerly 
direction, nearly to the Niger. It is between the countries explored 
by the distinguished travellers, Barth, on the north, and Livingstone, 
on the south. The author desr,ribes it as a beautiful and fertile region, 
densely inhabited by a population devoted to agricultural pursuits, 
who do not dwell on the lands they cultivate, but live clustered 
together in villages and towns, some of which contain from 20,000 to 
70,000 inhabit~nts. The people are generally of a primitive, simple 
and harmless character, and governed by institutions patriarchal 
rather than despotic. In their appearance they resemble the Cau-
casian race, while their mental powers and geueral moral impulses 
are considerably advanced in the scale of intelligence. They have, 
indeed, already attained no inconsiderable degree of social organiza-
tion, while they have escaped some of the more depraved inpidents of 
an advanced civilization. 
The language, which is said to be spoken by about two millions of 
pP-ople, is represented by Professor Turner to be very homogeneous in 
its structure, almost all of it being derived from some five hundroil 
primitive words. " Its articulations are sufficiently easy to imitate, 
and there is a system of vocalic concords recurring through the whole, 
which, together with the multiplicity of vowels, renders it decidedly 
euphonious. The great difficulty is found in the tones and accents, 
which can be discriminated only by a good ear, and must be uttered 
correctly to make the speaker intelligible. The Yoruba has neither 
article nor adjective, properly so called, and it is almost wholly des-
titute of inflection. The verbal root remains unchanged through all 
the accidents of person, mood, and tense, which are indicated by 
separate pronouns and particles. The plurality of nouns is also indi-
cated by the aid of a plural pronoun. The numerals are ba ed on the 
decimal system, yet many of them are formed by subtraction instead 
of addition or multiplication, as with us. Thus ] 5 is literally 10 + 5 ; 
but 16 == 20 -4, 17 = 20-3, &c. Although this language i poken 
by a rude people, it abounds in abstract term , and the 1ss1onary 
finds no difficulty in expressing in it the idea he desire to com-
municate.'' 
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It is believed that this work will be received by the student of 
ethnology as an interesting addition to this science, and that its pub-
lication will not only facilitate the labors of the missionary, but be 
productive of valuable commercial results. T~e ?ountry in ~hich the 
language is spoken is rich in natural and artificial product10ns, and 
as the inhabitants are anxious to establish relations of trade with 
other parts of the world, it would seem to offer a new and tempting 
field to mercantile enterprise. 
Under the head of publications, we may allude to the Appendix to 
the Annual Report of the Regents. Previous to 1853 this report was 
in a pamphlet form, and only in one or two cases were a few extra 
copies ordered. Since that date an annual volume has been presented 
to Congress, of which twenty thousand extra copies have been printed. 
The liberal distribution of this work has met with general approbation, 
the applications to the Institution for copies have been constantly in-
creasing, and, in connexion with the Report of the Patent Office, no 
document has become mQre popular or is better calculated to advance 
the cause of knowledge among the people. The object is, as far as pos-
sible, to distribute this volume among teachers, and through them to 
diffuse precise scientific knowledge to the rising generation. It is made 
also the vehicle of instruction, ir.. the line of observations, to a1l who 
are desirous of co-operating in the,investigation of the natural history 
and physical geography of this country. The wide distribution of this 
report has tended, more than any other means, to make known the 
character of the Institution, and to awaken an interest throughout 
the whole country in its prosperity. 
In order to render the series complete, the first volume-that for 
1853-contained a reprint of the previous reports of the Secretary, 
from which a connected history of all the operations of the Institution 
from the beginning may be obtained. These volumes are illustrated 
by a large number of wood cuts, which have been provided at the 
expense of the Smithsonian fund.' We have, howe·ver, to regret that, 
from th "d"t · · · d e rapi i Y with which Congressional documents are hurne 
th
rough the press, we have not been allowed in all cases revised copies 
~f the proof. We cannot, therefore be held entirely., responsible for 
m . f ' . haccura~ies O the press any more than for the style of printing or 
equality of the paper . 
. /tfi da part of the settled policy of the Institution to appropriate 1 
un s, as far as th · · 1 t 
ucb b" e ongma law of organization will allow, 0 
o ~ects only as ca t 1 . 
. . nno as we 1 be accomplished by other means , 
accordmgly in 8 , 1 . . . 
' evern mstances, the prmting of papers prev10usly 
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accepted for publication has been relinquished because it was subse-
quently found that the works could be given to the public, uncler 
certain conditions, through other agencies. In such cases the favor-
able opinion expressed by the Institution as to the character of the 
work, or the assistance rendered by the subscription on the part of the 
Regenfa;, for a number of copies to be distributed in exchange for 
other books among our foreign correspondents, has been sufficient to 
induce some liberal minded parties to undertake the publication, 
rather as an enterprise connected with the reputation of their estab-
lishments, than as a matter of profit. 
Among the works of this class is the "Theory of the Motion of the 
Heavenly Bodies,'' by the celebrated Gauss, translated by Captain C. 
H. Davis, U. S.' N., late superintendent of the Nautical Almanac, 
which was originally accepted by us for publication, but was after-
wards relinquished to Messrs. Little & Brown, of Boston, who have 
shown in this instance, as well as in others of a similar character, a 
liberality which cannot be otherwise than highly appreciated by a 
discerning public. This book, which is essential to the advance of 
practical astronomy, was published in Latin, in Hamburg, in 1809, 
and is now of difficult access, as well as of restricted use, on account 
of the language in which it appeared. It gives a complete system of 
formulas and processes for computing the movement of a body revolv-
ing in an ellipse, or in any other curve belonging to the class of conic 
sections, and explains a general method of determining the orbit of a 
plauet or a comet from three observations of the position of the body 
as seen from the earth. The essay was called for at the time it was 
produced by the wants of science. The planet Ceres, discovered on 
the first day of the present century by Piazzi, of Italy, hacl been 
lost to astronomers in its passage through the portion of the heavens 
illuminated by the beams of the sun, and could not be found by the 
means then known, when Gauss, from a few observations of its former 
place, calculated its orbit, and furnished an ephemeris by which it 
was readily rediscovered. The metho<ls employed in this determina-
tion ~ere afterwards given in a systematic form in the work now 
translated. The copies subscribed for by the Institution, on account 
of exchanges, and those paid for by the Navy Departm nt, for the 
u e of the computers of the Nautical Almanac, were ·ufficient to 
ecure the publication of the work, which coul<l not have been under-
taken without these aids. 
In accordance with the same policy the In titution has sub ·cribed 
for a few copies of a work on "The Plciocene Fo ils of f 1 uth Car -
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lina,'' by M. Tuomey and F. S. Holmes. This work received the com .. 
mendation of some of the distinguished members of the American 
Association for the Advancement of Science, at its meeting in Charles-
ton, in 1850, and its publication was undertaken at the risk and cost 
of the authors. The actual expense, however., far exceeded their esti-
mate, and without the liberal aid of the legislature of South Carolina 
they could not have escaped heavy loss, or been enabled to complete 
the work in a proper style o{ art. To aid the same enterprise the 
Institution was induced to make the subscription above mentioned for 
copies to be distributed to foreign societies. We regret to state that 
before the work was fully completed the science of the country was 
called to mourn the loss of Professor Tuomey, of the University of 
Alabama, who, during the past year, was prematurely snatched away 
from his family and friends in the flower of his age. His works, 
however, will remain as an inheritance to the cause of knowledge and 
the best monument to his memory. We have been gratified to learn 
that, at the late session of the legislature of South Carolina, a resolu-
tion was passed authorizing a continuance of the patronage of the 
State to the publication of these researches, and consequently ~rofessor 
Holmes has signified his intention to publish two additional volumes 
on the Eocene and the Post Pleiocene Fossils to which the subscrip-
' tion of the Institution will also be extended. 
Another work, belonging to the same class is the series of '' Contri-
butions to the Natural ~istory of the United States of America," by 
Professor Louis Agassiz. It has been mentioned in a previous report 
th t th. d. t' . h 
a 18 18 mgms ed savan was preparing a series of papers to be 
presented to the Smithsonian Institution, and that the plates for some 
of these had been engraved. But the number of these contributions, 
and the cost of their illustration, would have absorbed a larger portion 
of the S 'th · 
mi soman fund than could have properly been devoted to 
th
e labors of one individual. Fortunately however the reputation 
and l 't f ' ' popu an Y O Professor Agassiz have enabled his friends to pro-
cure subscribers for · d d - · · f h' an m epen ent work contammg the result o is 
valuable investigat' · ' f 
. 
10ns, m numbers unprecedented in the annals 0 
science of this or of th . 
. . ... any O er country. In order to assist this enter-
prise m the beginn · d t . . . · 
b . mg, an o reheve its own funds, the Institution u -cribed fol' copies t b a· t 'b · h ... ' 0 e 18 n uted among foreign libraries, m ex:-
c ang1:bfor rare works of a similar character with which to enrich i_ts n 1 rary. ' 
Th 1 n · fir n. 1 ution has also facilitated the researches described in the 
wo volumes of th k · h 
e wor m question, and I may quote t e 
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following sentence containing the acknowledgment of the author for 
the services which have thus been rendered him: "Above all, I must 
mention the Smithsonian Institution, whose officers, in the true spirit 
of its founder, have largely contributed to the advancement of my 
researches by forwarding to me for examination not only all the 
specimens of Testudinata collected for the museum of the Institution, 
but also those brought to Washington by the naturalists of the dif-
ferent parties that have explored the western Territories, or crossed 
the continent with the view of determining the best route for the 
Pacific railroad. These specimens have enabled me to determine the 
geographical distribution of this order of reptiles with a degree of 
precision which I could not have attained without this assistance.'' 
Besides this, the Institution caused special collections of turtles to be 
made for Professor Agassiz, from those parts of the courl.try from 
which no specimens had previously been obtained. 
It was originally intended, as announced in the prospectus, to issue 
one volume a year, but the author found that the first volume wa 
insufficient to contain all the matter which he had designed to give 
in it. Its publication was therefore delayed, that the whole of this 
part of his general subject might be presented at once, and hence two 
volumes have been issued together. The large subscription which 
has been obtained has enabled the publishers to extend the original 
plan, and to expend a much greater sum on the engravings than was 
at first thought possible. The work will serve to increase and extend 
the reputation of the illustrious author, as well as to afford a striking 
example of the liberality of our country and its growing appreciation 
of abstract science. 
Under the head of publications, and in justice to the memory of a 
distinguished naturalist, a profound scholar, and a worthy man, the 
late Dr. Gerard Troost, of Tennessee, it ought to be tated in thi. 
Report, that after his death, several years ago, a memoir he ha pre-
pared on the organic remains known as Crinoidea, illustrat cl by a 
collection of specimens, was presented to the Smithsonian In titution 
for publication. It was submitted to two naturalists of hi(Th reputa-
tion, aud found by them to be an important addition t knowledge, 
though left by its author in an unfinished condition. The ntlemen 
to whom it wa referred generously offered to supply the d fici nci s, 
an to prepare the work for the press. Their enga.(Tement , however, 
have since been such as to prevent up to thi. time th c mpleti n of 
the ta k which they undertook to accompli h. ne of the "" ntlemen 
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to whom the paper was referred, Prof. James Hall, in whose posses-
sion the specimens now are, states that he had hoped long since to 
:put the memoir in such a form as to do justice to the memory of Dr. 
Troost, and be in accordance with the latest views of the subject. To 
do this, however, required an examination of other specimens, and for 
this object he had never been able to find time. · At present he is 
engaged in a geological report of Iowa, in which there are several 
plates of Crinoids, and any which may be identical with those de-
scribed by Dr. Troost will be accredited to him. We r6gret exceed-
ingly this long delay in the publication of the labors of one so highly 
esteemed in life and gratefully remembered in death. It has, however, 
been caused by circumstances over which we had no contrnl, and which 
have given us considerable disquietude. 
The ne·w and extended serjes of Meteorological and Physical Tables, 
which has been in course of preparation for several years, is at length 
completed and ready for distribution. It forms a volume of 634 large 
octavo pages, which may be divided into separate parts, each distinct 
in itself. A copy of these tables will be sent to each of the meteoro-
logical observers, and it is believed that a considerable number may 
be sold in this country and Europe, from which something may be 
deriv~l towards compensating the author, Prof. Guyot, for the un-
wearied labor and attention he has bestowed upon the work. 
At the request of the Institution, Baron Osten Sacken, of the Rns-
sian legation, who has made a special study of Dipterous Insects has 
l~repared a catalogue of the previously described species of this con-
tment, analogous to that of Melsheimer's cataloo-ue of the Cleoptera 
of _the United States, which was published so;e years ago by this 
Institution. 
It frequently happens that the same animal is described by different 
naturalists u_nder ~ifferent names, and there may be among the species 
enumerated m this catalogue some 0£ this character but in the pre-
ent state of the knowledge of American Diptera the' publication of a 
~omplete synonymical catalogue is impossible. Yet a list like the one 
JU t completed is an indispensable preparatory work for the future 
tutl! ~f this branch of entomology. The catalogue include·s the 
pecies inhabiting not only the North American continent in general, 
t al th · c 
• 
0 
ose m entral America and in the West Indies. It also 
lV the principal l rt· d 
. . oca 1 ies where each species has been foun · 
a Ii t hke this th · 1 
·t. b ' says e author, completeness is the princ1pa 
n , t e Ymmetrical · . 
arrangement 1s but of secondary 1m portance. 
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The groups adopted by Meigen and Wiedemann are retained, avoiding 
the subdivisions introduced by modern authors. 
The publication of this list, we trust, will very much facilitate the 
study of entomology, and it is a special object of this Institution to en-
courage individuals to devote themselves to particular subjects of re-
search. The field of nature is so extended that unless it be minutely 
subdivided, and its several parts cultivated by differ~nt persons, little 
progress of a definite character can be anticipated. To collect the 
materials for wider genera.lizations) microscopic research is necessary 
in every direction, and men enthusiastically devoted to one object are 
required in every branch of knowledge in order that the whole may be 
perfected. It is true, before entering on an investigation of this kind, 
that it is desirable for the individual to have a general knowledge of the 
different branches of science, since they are all intimately connected; 
-and the student can then narrow his field of view until it comes within 
the scope of his mental abilities, or the means which he may have at his 
disposal for its advancement. As a general rule, however, the ability 
to enlarge the bounds of science can only be obtained by almost ex-
clusive devotion to a few branches . 
It is scarcely possible to estimate too highly, in reference to the 
happiness of the individual as well as to the promotion of knowledge, 
the choice in early life of some subject to which the thoughts can be 
habitually turned during moments of leisure, and to which observa· 
tion may be directed during periods of recreation, relative to which 
facts may be gleaned from casual reading, and during journeys of 
business or of pleasure. It is well that every one should have some 
favorite subject of which he has a more minute knowledge than any 
of his neighbors. It is well that he should know some one thing 
profoundly, in order that he may estimate by it his deficiencies in 
others. 
In this connexion it may be proper to remark that the association 
of individuals in the same community) each with a pccial and favor-
ite pursuit) each encouraging the others, each deferring to the others, 
and each an authority in his own specialty, forms an organizati n 
alike valuable to the individual, the community, and the public gen-
erally. To induce and encourage the establishment of imch as ocia-
tions is one of the objects of the Institution. It is ·upri ing wh t 
intere t may be awakened, what amount of latent tal nt developed, 
and what dignity imparted to the pursuits of a neicrhborhood by a 
society in which the knowledge of each become common pr perty, 
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and the labors of each one are stimulated by the appreciation and 
aprlause of his fellows. . 
I am acquainted with no plan of adult education better calculated 
to elevate the mental character of a community or to develop the 
local natural history of a district than that of a well organized and 
efficiently conducted association of this kind. Such establishments, 
I am happy to say, are now becoming common in every part of the 
United States. They have taken the place, in many cases, of the de-
bating societies, which were formerly instituted for mental improve-
ment. To the latter it might justly be objected that they tend to 
promote a talent of sophistical reasoning, rather than to engender an 
uncompromising love of truth. The habit of fluent Apeaking may 
undoubtedly be cultivated at the expense of profound thought, and 
however promotive at times of the temporary interests of the indi-
vidual, can never be supposed to tend to the permanent advancement 
of the species. 
Meteorology.-The system of meteorological observations under the 
direction of the Institution and the Patent Office has been so repeatedly 
described in previous reports that it will scarcely be necessary to give 
any more at this time than an account of the present state of the work. 
The system was commenced in 1849, and has since then been gradually 
improving in the number of observers character of the instruments, 
' and the precision with which the records are made. The Institution 
h~s awakened a wide interest in the subject of meteorology, and has 
drffused a considerable amount of information with regard to it which 
could not readily be obtained through other means. The manufac-
ture of instruments, C6mpared with standards furnished by the Insti-
tution _from London and Paris, has been an important means of 
advancmg the science. The work is still continued by James Green, 
173 Grand street, New York, and during the past year an increasing 
number 0_f full sets has been purchased by observers. The Institution 
ha contmued to distribute rain-gages, with which observatidns are 
now made on the qua t't f . . . . y 
n 1 Y o aqueous premp1tat10n m nearly tver 
• tate and Territory of tbe Union. 
bWe a~e i
ndebted to the National Telegraph line for a series of 
0 ervat1ons from N o 1 d 
C. . ew r eans to New York and as far westwar a mc1nnat' Oh· h' ' 
,, .
1
' 
10
, w ich have been published in the "Evening 1 ar, of th1s city Th d 
coul th · ese reports have excited much intereRt, an 
ey be extended f th · th 
l ur er north, and more generally to . e n, they would f · h · 
urms important information as to the ap· 
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proach of storms. We hope in the course of another year to make 
such an arrangement with the telegraph lines as to be able to give 
warning on the eastern coast of the approach of storms, since the 
investigations which have been made at the Institution fully indicate 
the fact that as a general rule the storms of our latitude pursue a 
definite course. 
The materials which have been collected relative to the climate of 
the North American continent are as follows: 
1st. A miscellaneous collection of MSS. and other tables relative to 
the climate of the United States. This series will be enriched by a 
reference list to all the meteorological records, which are to be found 
in the extensive library of Mr. Peter Force, of this city, and other 
accessible sources of information. 
2d. The observations made under the direction of this Institution 
since 1849. 
3d. A series of observations made by Dr. Berlandier in Mexico. 
4th. Observations made in the British possessions. 
5th. 'rhe record of observations made by government and other 
exploring expeditions. 
6th. Copies of the observations made under the direction of the Sur-
geon General at the military posts. 
7th. Copies of the observations made at the expense of the States 
of New York, Massachusetts, Pennsylvania, Maine, and Missouri. 
8th. A series of observations from Bermuda and the West Indios. 
Besides these, the Institution is endeavoring to obtain, by means of 
its exchanges, a full series of all observations which have been made 
in foreign countries, and to form a complete meteorological library. 
Complaint has been made on account of the delay in publishing 
deductions from the materials which have thus been collected, but, 
with the limited means of the Institution, it should be recollected that 
all objects enumerated in the programme of organization cannot be 
simultaneously accomplished. The reductions have been steadily pur- , 
sued for the last five years, and all the funds, not otherwise absolutely 
required, have been devoted by the Institution to this object. 
It will be a matter of astonishment to tho e not practically ac-
uainted with the subject, to be informed as to the amount f labor 
requir for the reduction of the returns made to this In tituti n for 
a ingleyear. During1856therecordsofupward ofh If illion f 
separate observations, each requiring a reduction involving an rith-
metical calculation, were received at the n tituti n. 11 wing n 
average of one minute for the examination and reduction of a.ch 
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observation the amount of time consumed will be nearly 7,000 hours, 
or at the r~te of seven hours per day, it will be 1,000 days or up-
w~rds of three years or, in other words, to keep up with the reduction 
of the current obser~ations the whole _available time of three expert 
computers is required. This is indepe_nd~nt ~f the labor e~pended in 
the correspondence, preparation and d1stnbut1on of blank forms, and 
the deduction of general principles. The work has been prosecuted, 
therefore, as rapidly as the means at the disposal of the Institution 
would permit. Since the arrangement was made with the Patent 
Office, from twelve to :fifteen persons, many of them females, have 
been almost constantly employed, under the direction of Prof. Coffin, 
in bringing up the arrears and in reducing the current observations. 
All the materials collected at the Institution are in the process of 
being arranged and bound in accessible volumes, with proper indices, 
to be used by all who may be desirous of making special investigations 
on any point relative to the climate of this country. 
During the past year the reductions for 1855 were printed in 
pamphlet form and distributed to observers for criticism and sug-
gestions as to improvements which might be adopted in the subse-
quent publication of the entire series. 
Exchanges.-The system of international exchange has been carried 
on during the past year with unabated zeal, and we trust with undi-
minished good results. A large amount of scientific material has 
passed through om; hands in its transfer to and from societies and 
individuals in this and other countries. The returns made to the 
Institution during 1857 for its own publications consist of 555 vol-
umes, 1,067 parts of volumes, and 138 charts. These works embrace 
most of the current volumes of scientific transactions and are of the 
highest importance as aids in original research. Th~ number would 
be very ~uch increased if the contents of several large cases, which 
were a~C1dentally delayed until the beginning of this year were in-
' eluded. ' 
T~e importance of the exchanges is not to be estimated by the com-
mercial v~lue alone of the books received. In addition to this we 
mn t consider the effect h' h ·t · 
w ic 1 produces in bringing into immediate 
00
?1thm~nication the cultivators of literature and science in this country 
1 tuose abroad of d' t 'b t· f 
1 . ' 
18 n n mg among our societies publications o 
c , the exIStence of wh' h 1 n l of ~ .1. . ic wou d scarcely otherwise be known, 1am 1tatmg th a· ff · 
m ft . . e 1 nswn of knowledge which by the ordinary 
co r coof ransm1ss1on, would not be attained excep~ perhaps in the 
years. ' ' ' 
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The system has now attained a great development, and increases 
measurably every year. The expenses hitherto have been principally 
borne by the Institution, but their amount has now become so great 
RS seriously to interfere with other operations, and I therefore think 
it advisable that a charge be made, to the parties receiving a certain 
amount of packages annually, sufficient to reimburse some of the 
outlay of the Smithsonian funds. What would not be felt by each 
one individual1y would, in the aggregate, materially lessen the burden 
of expense connected with this part of the operations, which amounted, 
in 1857, to about $3,000. 
The expenses of the Smithsonian exchanges would be considerably 
greater than they are but for the liberality of various transportaticn 
companies in carrying packages free of cost. No charge on freight is 
made by the United States Mail Steamship ·company, the Panama 
Railroad, or the Pacific Mail Steamship Company, forming the mail 
line from New York to San Francisco, while the agents of the line 
in these two cities, Messrs. I. W. Raymond and A. B. Forbes, serve 
the Institution in various ways. The California Express Agency 
of Wells, Fargo & Co., has also acted with the greatest liberality, 
and the same should be stated of the old line of Breme·n and New York 
steamers. None of the domestic agents of distribution-namely, Hick-
ling, Swan & Brewer, of Boston; D. Appleton & Co., New York; J. D. 
Lippincott & Co., Philadelphia; John Russell, Charleston; B. M:. 
Norman, New Orleans; Dr. Wislizenus, St. Louis; II. W. Derby, 
Cincinnati; and Henry P. B. Jewett, of Cleveland-make any charo-e 
for services ; and the same may also be said of Messrs. Oelrichs & 
Lurman, of Baltimore. 
The amount of labor involved in the exchanges is, of course, v ry 
great, as will be readily inferred from an examination of the tables 
of receipts and transmissions during the past y ar, given by Profc or 
Baird. The entries in the several record books fill over 700 paO'e, ; 
the circulars, invoices, and acknowledgments, exceed 4, 0 , in addi-
tion to over 600 receipts for packages. For a cletafled ace unt f all 
the operations of the exchanges I would refer to the ace mpn.nyin "' 
report of Professor Baird. 
Explorations, researches, &c.-It was stated in the la.tr port that 
the magnetic instruments belonging to the In tituti n , ere given m 
charge of Baron Muller, for inve tigations in :Mexic n Oen ral 
America. Two series of record of ohservations have b en r ceivecl, 
ut for nearly a year past nothing further ha lJ en h rd from the 
expedition. We should regret the lo s of the in tru ent , although 
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the cost of them has been more than repaid by the services they have 
rendered to science in the Arctic expedition under Dr. Kane, and in 
the results which have already been obtained from them in Mexico, 
The self-registering apparatus in the observatory on the Smithso-
nian grounds, established a.t the joint expense of the Coast Survey 
and the Institution, has continued to record the variations in the 
horizontal direction of the magnetic force during a considerable por-
tion of the past year. The interruptions which have taken place have 
been principally caused by the impurities of the city gas, the exhala .. 
lations from which have interfered with the photographic process. 
The records obtained, however, will furnish valuable data for study-
ing, in connexion with similar observations_ in other parts of the 
globe, .the character of the magnetic force, and to assist in determin-
ing how far the changes are merely local, or to what extent they 
affect the whole earth. 
Laboratory.-During the past year the laboratory has been under 
the charge of Dr. E. W. Hilgard, recently appointed State geologist 
of Mississippi. Among others, a series of experiments was made by 
him, under direction of the Secretary, at the expense of the Navy 
Department, relative to the vapor from a modification of bi-sulphuret 
of carbon as a substitute for steam applied to mechanical purposes. 
The result of these investigations was unfavorable to the substitution 
of this material in the way proposed. Although a greater amount of 
pressure is produced at the same temperature than in the case of 
steam, yet the amount of work relative to the absolute quantity of 
heat employed is by no means in accordance with this, the density of 
the vapor and its greater specific heat require a corresponding amount 
?f fuel, and when we consider the fact that the bi-sulphuret of carbon 
18 no~ a nat~ral but a factitious substance, of which the vapor, when 
combmed ~1th air, is highly explosive and extremely offensive on 
acc~unt of ~ts odor and the greater complexity of the engine required 
for its use, its application in the place of steam would be far from 
advantageous. 
A~other series of investigations was conducted in the laboratory 
relatrng to the pre t· . f · · · 1 
b ven icn o counterfe1tmg bank notes particular Y Y photography· but a th' . . ' . th ' s is was mtended especially for private use, 
eTehxplens~s w~re paid by the parties interested. 
e nstitut1on doe t · . 
an · . s no consider it a part of its duty to volunteer 
opinion as to the t· b'l' 
Publ' . . prac ica 
1 ity of the new projects with which the 
ic mind 18 frequent! · b 
the government oth Y agitated; but when directly called upon Y 
or er parties of influence to pronounce a judgment 
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on any point. of practical or applied science, it does not shrink from 
the responsibility, but, after diligent and cautious inquiry, gives the 
conclusions, whatever they may be, at which it has arrived. 
Library.-Extensive alterations are in the process of being made in 
the wing of the building appropriated to the library, for the better 
accommodation of the bocks. The shelving has been arranged in two 
stories of alcoves, thereby more than doubling the space. Each lower 
alcove is separately secured by a door; a precaution which has been 
found necessary in the library of the Institution as well as in that of 
Congress. It is a fact to be regretted, but which it is necessary to 
mention in order to vindicate the restrictions imposed upon an indis-
criminate access to the books, that there is in some quarters a lamentable 
want of honesty with regard to the use of property of a public character. 
Not only are works in many cases mutilated, merely to avoid the labor 
of copying a few pages, but valuable sets are sometimes broken by 
actual theft. 
The appropriation for the library must not alone be measured by 
the sum assigned for the " cost of books ; " it must be recollected that 
the library is principally increasing by means of the exchanges; that 
every year the Institution sends abroad, besides all the public docu-
ments which it can procure, some hundreds of copies of the quarto 
volumes of its transactions, the marketable value of which is several 
thousand dollars. It therefore ought to be distinctly understood that 
the library is constantly increasing by the addition of the most valuable 
seri€s of the transactions of literary- and scientific societies in all parts 
of the world, and that this is at the expense of what are denominated 
the active operations of the Institution. It is true the number of 
books directly purchased is comparatively small, but indirectly pro-
cured in the way stated the annual addition is valuable. 
Among the numerous donations received· during the past year it is 
of course impossible in this r.eport to particularize more than a few 
of the most important. The Academies of Science of Vi nna, t. 
Petersburg, and of Brussels, have all contributed largely both f their 
older and more recent issues. The Real Sociedad Econ rnic , of 
Havana, has been particularly liberal in this re pect, furni, hiug nearly 
complete series for many years back, a have al o the I rticultural 
societies of Paris and Berlin. The mo t exten ive ingl gift during 
the year has been that of the Dictionnaire de , cienc turelle , in 
72 volume , and the Hi toire N aturelle de mt irf ·e , of Buff on 
and aubenton, in 15 volumes, from the erzogliche ibliothek der 
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Friedensteinschen Sammlungen, Gotha. The British Admiralty has 
contributed a full set of all the charts published by it during the year, 
We may also mention, as an object of special interest of this class, a 
valuable set of historical maps, presented by Justus Perthes, the 
celebrated geographical publisher of Gotha, exhibiting the political 
condition of Europe from the beginning of the third century down to 
the time of the crusades. The limit.s of the several empires are ex-
hibited by different colors, and the whole are on such a scale as to 
be adapted for instruction in schools or academies. To render this 
interesting work more generally known in this country, it is proposed 
to exhibit the maps in the reading room and to translate and print 
the pamphlet of explanations for the use of the visiters to the Insti-
tution. 
Among the curiosities of the library received during the past year 
the most prominent is an ornamental album, presented thr0ugh the 
Department of State, from Miss Contaxaki, a native of the isle of 
Crete. This work was designed as a contribution to the universal 
exhibition at Paris in 1855, where it received a diploma for the artistic 
merit displayed in its execution. The "Classical Bouquet," as it is 
called, consists of illustrations of the principal monuments and places 
in Greece, to which are added a few from the author's native isle of 
Crete. These illustrations are accompanied by quotations from the 
most illustrious Greek authors, beautifully illuminated, while many 
of the pages are adorned with pressed flowers culled from the places 
which the drawings represent. The book itself is a large quarto, 
covered with blue velvet heavily embroidered and lettered with silver. 
It i inclosed in a case, made of olive wood of the country, about a foot 
and_ a half ~quare, richly carved and ornamented with appropriate 
devices. This work was transmitted to the United States through 
Charles 0. Spence, esq., and affords a favorable specimen as well of 
th
e present state of the arts in that country, which was the birthplace 
of th~ tr~e and the beautiful, as of the talents, the taste, and the un-
wearied rndustry of tb 1 d h d · · d ·t 
. e a Y w o ev1sed and prrncipally execute 1 · 
The hbrary possess . · 
. es an extensive collection of pamphlets rn-
cludmo- the separ t th f . ' 
t th O ~ e _eses O the candidates for graduation or honors 
a e German umversities · 1 · f th 
l bl. . . . , a so a series of the annual reports o e m 1c mshtutions and · t· · . , 
tb h some ies m this country. During the past yeai 
e e ave been cl . fi d 1 
r ma·,nd assi e ' a arge number of them bound, and the 
er arranged . t b belves 1 m pas e oard boxes, labeled and placed on the as vo umes. . 
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The binding of the books received through exchange continues t 
be a large item of expense, and we have devoted the remainder of tho 
appropriation for the library, not expended in the purchase of books 
or for clerical service, to this object. 
In relation to the books received by the copyright law, I have but 
little to say in addition to what has been stated in preceding reports. 
The provisions of the act are still disregarded, to a considerable extent, 
by the larger publishers, and, as a general rule, works are received of 
but little value in themselves and inconsistent with the character of 
the library of the Institution. Though the cost of postage has been 
diminished by the law of Congress authorizing the free transmission 
of copyrights, yet it has by no means exempted the Institution from 
a large item of expense on this account. The publishers frequently 
inclose within the packages letters relating to the proper direction of 
the certificates and other matter pertaining to tho co1>yright, and by 
a decision of the Post Office Department all such communications aro 
charged with letter postage. Though the sum in each case appears 
insignificant, yet in the aggregate it may amount, in the cour e of a 
year, to several hundred dollars; and since the system from tho begin-
ning has been of no real benefit to the Institution, we have a<ldresse<l 
a circular to each publisher who forwards a copyright and neglects to 
pay the postage on the accompanying letters, apprising him of the fact. 
In conclusion, I may state that though the copyright law was un-
doubtedly intended to enrich the library of the Institution, yet the 
non-compliance with it of some of the principal publisher·, and tho 
reception of a large amount of worthless matter involving e.·pensc in 
its transportation and care has entirely defeated this object. ':l.1)10 cost 
of the system has been at least ten times greater than tho value of the 
books received; nor is this all; a compliance with the act has con tantly 
subjecte tho Institution to unmerited censure. W c have therefore 
been a loser both in funds and in the friendly fooling of an infincntia.l 
portion of the community, and it is to be hoped that Congress will, ut 
its present session, essentially modify the existing law. 'l'hc clcpo it 
of a single copy of each article in the Patent Office, inst ad of the 
three now ent to \Vashington, would be sufTicient to ~ ·urc the 
rights of the author, and answer all the objects of a complete collcc:-
tion of this class of American publications . 
.lJlusewn.-The general plan and objects f the collecti n whic:h 
have been as8iduously formed through the agency f the 'mithsoniuu 
3s 
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Institution have been given in several of the preceding reports, and it 
will be sufficient, at this time, to repeat that they are intended to 
exhibit the distribution and development of the plants and animals, as 
well as to illustrate the geological and mineralogical character of the 
North American continent. The number of specimens required for 
these purposes is great, since all the varieties from every locality re-
quire attention. During the past year specimens have been collected 
by ten government expeditions and six private exploration parties. 
Some of the returns from these are now on the way, and will greatly 
enhance the number and value of the materials before received. Ac-
cording to the statement of Professor Baird, hereto appended, the 
catalogued specimens of animals at the end of the year 1857, amount-
ed to: mammals, 3,200; birds, 8,766; skeletons and skulls, 3,340; 
reptiles, 239 ; fishes, 613. 
During the year several persons have availed themselves of the use 
of the collections and library in the prosecution of original researches, 
and, as usual, several government expeditions, which have been sent out 
for surveys, the construction of roads and for military purposes, have 
been provided with instructions as to the mode of collecting specimens 
and observing meteoroiogical and other natural phenomena. No oppor-
tunity of adding to our store of information, in regard to the physical 
geography and natural history of the western portion of this continent, 
has been suffered to pass without being improved, and I may safely 
say, that since the establishment of the Institution more has been 
done to ascertain and make known the character of the less inhabited 
po_rtion ?f o~r c_ontinent than all which had been previously accom-
plished m this hne. The survey of routes from the Gulf of Mexico 
to the Pacific has served of late to add much to our knowledge of 
Central America, and during the past year the British government 
~as_ sent out a ~arty for the exploration of the country north of the 
limits of the Dmted States and between the crreat lakes and the Pacific 
oce~n. This survey, in connexion with thai° along the 49th parallel of 
latitud~, now in progress for determining the boundary line between 
t~c United States and the British possessions, will add to the natural 
hdistory of the northern portion of our territory and will furnish the 
a.ta. necessary to d 1· t ' · 
. e mea e more accurately the great mountain 
system which determin th 1· f h 
. es e c imate and physical peculiarities o t e 
WeBtern portion of this continent. 
8mitha<Y11,' s personal ,tr. t T d 
all his per 1 ffi e..,.,ec s.- he bequest of James Smithson include Bona. e ects, and these were obtained by Hon. Richard Rush, 
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the agent of the American government, through whom the legacy was 
procured. They were delivereu by him to the Secretary of State, and 
afterwards deposited in the museum of the Patent Office, where they 
remained until the last year, when they were transferred to the Regents' 
room in the Smithsonian building. They have been arranged for exhi-
bition in a large case of black ~alnut, and now form an interesting por-
tion of the collections of the Institution. They consist of a very ex-
tensive series of rare though minute specimens of mineralogy, of the 
table service of plate of Smithson, and of the portable chemical and 
mineralogical apparatus with which he made his investigations. 
Besides the above mentioned articles, the Institution has had in its 
possession for several years the library of Smithson, containing 115 
volumes, and a collection of manuscripts, principally consisting of what 
would appear to be the materials of a philosophical dictionary. The 
whole collection taken together serves to exhibit the character of the 
man, and clearly to indicate his intention as to the nature of the Insti-
tution to which he gave his name. It serves to strengthen the convic-
tion, if anything of this kind were needed, that the proper interpretation 
of the will haB been given by the Regents in adopting the plan which 
makes active operations, the discovery of new truths, and a diffusion 
of these among men, the prominent object of the establishment. 
In this connexion, it may be interesting to repeat a statement made 
in a former report., that the Institution is in possession of two like-
nesses of Smithson; one, a portrait of him while a youth, in the cos-
tume of a student at Oxford, the other a medallion, from which a steel 
engraving has been executed. The first was purchased from the widow 
of John Fi tall, the servant of Smithson, and the other was among his 
effects, and identified by a paper attached to it, on which the words 
"my likeness" were written in Smithson's own hand. Ali t of the 
papers published by Smithson, and a record of all the fact which 
could be gathered in relation to him, ha-ve been made, to serve here-
after for a more definite account of his life and labors than has yet 
appeared. 
Gallery of Art.-During the past year this apartment of the I mith-
sonian building has been enriched by a faithful copy, in arrara 
marble, of the "Dying Gladiator," one of the most celebrat d ta ue 
of antiquity. This copy, which is said to be the only n in m rble 
in existence, has been depo ited here by its owner, 1 • v . i que, 
esq., of the District of Columbia, to whom the public f thi c untry 
is indebted for his liberality in the purcba e and free exhibition of so 
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costly and interesting a specimen of art. It is by Joseph Gott, an 
English sculptor of high reputation, and its fait_hfulness, as a repre-
sentation of the original, is vouched for by a certificate, among others, 
from our lamented countryman, Thomas Crawford. 
The Stanley collection of Indian portraits, which is still in the 
Gallery, has, during the past year, been increased by a number of 
new pictures, and continues to be an object of interest to the visitors 
of the national capital. This collection, now the most extensive in 
existence, of Indian portraits, ought, as· we have stated in previous 
reports, to be purchased by government. It is a sacred duty which this 
country owes to the civilized world to collect everything relative to 
the history, the manners and customs, the physical peculiarities, and, 
in short, all that may tend to illustrate the chara_cter and history of 
the original inhabitants of North America. The duty which Mr. 
Stanley owes to his family will not permit him to retain the collection 
unbroken, and unless Congress make an appropriation for its pur-
chase, he will be obliged to dispose ofit in portions. Such an event 
would be a lasting source of regret; and, from the interest which a 
number of distinguished members of the Senate and House of Repre-
sentatives have expressed in regard to the purchase, we doubt not 
that the proposition will in due time be favorably entertained. 
Lectures.-During the past season the usual number of lectures 
has been given, without any diminution in the size of the audience 
ancl the apparent interest of the public . 
. In connexion with this subject, we may mention, complaints have 
frequently been made against the Institution on account of the bad 
condition of the walks leading to the building { but it should be recol-
lected that the grounds belong to the government and are not under 
the control of the Regents. A plank walk has however been laid 
l ' ' c own along the principal thoroughfare and lighted on nights of lec-
tures, at the expense of the Institution. ' 
The Smithsonian lecture-room is found to be the most commodious 
apartment in the D" t · t 1! b · . t 
. . is nc 1or pu he meetmgs, and almost constan 
applications are made fi ·t . . . . 
. or 1 s use. Tlus 1s granted m all cases, pro 
v1ded the actual exp f 1· h · 'd 
. ense O 1g ting, heating and attendance be pai ' 
and the obJect for h' h ·t · th 1 . . w ic 
1 is required be consistent with the character 
e nst1tut1on and not 1 . . . ·a 1 int t ' mere Y rntended to advance md1v1 ua 
eres s. The rule wh· h l d b" t 
connected 'th . ~c exc u es from the lectures any su ~ec 
wi sectanamsm d · · · 1· t · al questions f th ' iscussions in Congress and the po 1 ic 
o e day, has been strictly observed. 
REPORT OF THE SECRETARY. 37 
The following is a list of the lectures which were delivered during 
the winter of 1857-'58: 
Seven lectures by Professor John LeConte, of the South Carolina 
College, on "The Physics of Meteorology." 
One lecture by Hon. H. W. Hilliard, of Alabama, on the "Life 
and Genius of Milton." 
Two lectures by Dr. I. I. Hayes, of Philadelphia, on " Arctic Ex-
plorations.'' 
One lecture by Rev. T. J. Bowen, of Yoruba, Africa, on "Central 
Africa-the Country and People.'' 
One lecture by D. K. -Whitaker, esq., of Charleston, S. C., on the 
'' Genius and Writings of Sir Walter Scott.'' 
Two lectures by Professor C. C. Felton, of Harvard College, Cam-
bridge, Mass., on" Modern Greece." 
Four lectures by Dr. James 'Wynne, of New York, on the" Dura-
tion of Life in Various Occupations." 
Three lectures by Professor J.P. Espy, on "The Law of St.arms. ' ' 
Five lectures by Rev. J. H. Mcllvaine, of Rochester, N. Y., on 
" Comparative Philology in some of its bearings upon Ethnolo;y, 
and embracing an account of the Sanscrit and Persian Arrowhead 
Languages.'' 
Three lectures by G. Gajani, on "The Catacombs, the Coliseum, ancl 
the Vatican of Rome." 
One lecture by Professor Schele de Vere, of the U njversity of Vir-
ginia, on "John Law and the Celebrated Mississippi S11eculation." 
From the foregoing , statements we think it will be g nerally 
acknowledged that the Institution is steadily pur uing a cour c of 
usefulness well calculated to make the name of its founder favorably 
known and the results of his bequest highly appreciate in v ry 
part of the civilized world, that its fund are in a goo c ndition, and 
that the prospect of its future influence in the promotion of know_ 
ledge is even more cheering than at any pniocl of it pa t hi. tory. 
Respectfully submittecl. 
JO ~EPII HE RY, 
, ecrelaty S. I. 
WASIIL .. GTON, January, 1858. 
APPENDIX TO THE REPORT OF THE SECRETARY, 
SMITHSONIAN INSTITUTION' 
Washington, December 31, 1857. 
Srn: I have the honor, herewith, to present a report, for 1857,_of the 
operations you have entrusted to my ch&irge, namely, t~ose which re-
late to the printing, to the exchanges, and to the collections of natural 
history. 
Respectfully submitted. 
SPENCER F. BAIRD, 
Assistant Secretary Smithsonian Institution. 
JOSEPH HENRY, 11.D., 
Secretary Smithsonian Institution. 
PUBLICATIONS. 
The publications of the Institution for the year consist of the ninth 
volume of Smithsonian Contributions to Know ledge, embracing 484 
pages of quarto text and 22 plates, and of the annual report to Con-
gress, an octavo volume of 468 pages. Considerable progress ~as 
also b~en ~ade with the printing of the tenth volume of Smithsoman 
Contnbut10ns, 136 pages and five plates being finished . 
. The catalogue of North American Diptera, by Baron Ostensacken, 
1s nearly through the press and will include 112 octavo pages. 
EXCHANGES. 
The srste:11 of_ inte~national exchanges so successfully prosec1;1ted by 
the Institution srnce its establishment has been carried on dunng the 
year with the happiest results. A large amount of scientific material 
~ias pa~sed. through its hands and has been promptly transmitted to 
it deatmation. The general details of the system will be presented 
hereafter . 
. The ~eturns made to the Smithsonian Institution for its own dona-
hons will be found in the following table: 
A.-Receiptof books, &c., by exchange in 1857. 
Volumes-Octavo Quarto .. • ••• • • • • • . .. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 414046 
... ··-·-· ··-·- ··--·· ·----· ---- ---· ----Polio ................ _ ......... ___ .•• ___ • •• • • 5 
555 
Parts of volumes and pamphlets- -
OQ~!:~o · • ---................................. __ • • • • • 775 
0 
............ ... 255 
l<'olio • • • · • • • • - • • • • • • · • • • • • • • • • • --
.......... • .... •••••• ···--· •••• ···-·· ••••••• --· 37 
Chart11 and maps -1,067 
· ....... •••••• •••••• ·-·· ••••••••••• ---- ---· 138 
1,760 
= 
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The works received embrace most of the current volumes of scientific 
transactions, with some back series, and are of the highest importance 
as materials of scientific research. 
In the following tables are exhibited the chief statistics of exchange 
during both 1856 and 1857. The last annual report did not fully 
cover the subject, owing to the fact that a supplementary sending was 
required in January, 1857, to complete that of July, 1856, and a re-
port for 1856 could not reasonably include what was actually not per-
formed till the ensuing year. In presenting the series of tables 
throughout, those of transmissions for 1856 are to be understood as 
embracing parcels forwarded in January 1857. This will explain the 
apparent disproportion in amount for the two years, as much of what 
was sent in the beginning of 1857 would otherwise not have gone until 
the ensuing summer. 
B. 
Tabl,e showing the stat:isti.cs of foreign exchanges of the Smithsonian Institution in 1856 , 
tJJ 
.0 ~ .!. ~ ., ! ::, . I .:;' "" ~ .s Cl)i c:,. ::, t,i .0°0 ., "' .:3 "' .... ... ., 'Oen .... 0 :,OI al l<I l<I ~~ oc3 t~o en~ <) 0 fil 0 • Distributed through- .!: "' 'c ti ; e l<I .o~ 
'JJ 
"' 0~ 
0 
'o § cd ~ cd .5 p. 0 0)00 
..... 
..... ... 
..:, 
c:>.'- ~ Q) '"'"' ~~ 0 "' ..... ... 0 
·.:; 0 o,<> 0 ~c:,. .0., s 0 ..0 p. ....... 3 s 6 <) 3 .>,: bl) .5 "''" "ii) .,,o. 0 ::, :, 0 :, ;; e': i:i'.: < 1:-1 z z E-< z i:::i 
----------------
. Dr. F. Fliigcl, Leipsic. 
Sweden......................... 8 21 .••••••. 22 25 .............. . ..... . ...... . 
Norway.................. .. .... 5 
Iceland.. ........................ l 
Denmark........................ 6 
7 ...... .. 
·"ig" ....... . 
13 7 .. , ..•... ...... .... . .....••• 
3 .............................. ... . 
17 2!i . .....•. . ...•....•...••... .. 
Russia........................... 25 29 73 32 . .••.•......•• ••••• •.•.••••• 
Holland...... ..... .... .... ..... 17 17 ...... .. 46 18 . •.••••. . •.••.•.•.. , .•.•.•• 
Germany .. , , , .•.•............ , . 155 
Switzerland...................... 15 
]93 ..... .. 
20 ....... . 
414 240 ••••••• . ..•• •• •••• , .• •••.•. 
39 21 ...... . ................. . 
JJ elgium .......... , • .. .. • .. .. .. .. 9 15 ... .•• . 29 18 ... . ... . ................ .. 
Total ..•..•••.••••••••• , • • . 241 321 562 656 :Jtl6 1,04_ 42 310 10,421:l 
2, 1-1. Bo•sange, Paris. 
France ....... , ................ .. 
Irnly ............................ . 
Spain and Portugal. ............. . 
79 120 ...... . 
42 :J3 .••• ••• • 
6 l ... ... .. 
Jt!7 14~ ......................... .. 
!)5 33 ••.•.....•. . .••••.•••••.• 
14 l .......................... . 
Total.... . • • . . • • . • • • • • • • • . . 127 151 281 _!)(i 170 4i2 l:J 126 41 l:.?U 
3. The Royal Society and II. Stevens, --------,-- ----------
.Lont:~at Britain and Ireland......... l 17 231 31 2d0 253 513 0 !JI -,Ul4 
4. Other channels . .. • • .. • .. .. • .... • .. 26 JO 36 J'J 10 4!J OU 
Gmnd total . •. • .. .• • ... ... . 511 716 J -2i 1 1 251 I tl;l.j 2 076 i0 I 586 l .m 
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C. 
Table showing the statistics of Jrrreign exchangeJ of the SmiJJmmian Institution in 1857. 
Distributed through-
-;; ~ 0. 
·c::; 
.6~ C: 
·- rn /3.~o 
::, ,, 
en 0 
.... "' 
~] o.i.= 
tg .. 00 
"-'-
,,:;, 0. 
,,:;, C) 
8 s <.l 
::, ::, 
z z 
"' o:; 
i:: 
"' 0. 
.... 
0 
'§ 0 
0 
E-< 
.s 
"' 
"' ;.;
0 • 
,QO, 
"' ..... C: 0::, 
... 0 
.c Q. 
bl) 
'ci5 
~ 
--------------11-·- ----- --- -- --- --- ·-- ---
1. JJ,r, F. Fliieel, Leipsic. 
Sweden ...................... .. 9 15 •••••• , . 
Norway .......... , ............ . 
Iceland ....... . ................. . 
5 4 
l 
Denmark ...................... .. 6 JO 
Russia ......................... .. 25 20 
Holland ........................ .. 17 9 
Gerruany ...................... .. 
Switzerland ..................... . 
142 160 
15 20 
llelgium ........................ . 7 16 
Total. .. • .. .. .. .. • .. • .. .. . . 227 254 481 
2. H. Bossange, Pari5, 
France ......................... . 
Italy ........... , ................ . 
Spain, ......................... .. 
Portugal. .................... . 
69 63 . ..... .. 
32 24 ....... . 
5 
2 .... i' : : : : : : : : 
Total...................... 108 88 196 
3. J::~
0
~yal Society and H. Ste~ens, 
Great Britain and Ireland........ . 12l 108 229 
4. Other channels ..... .,.. • .. .. • .. .. .. • . 4g 10 59 
Grand total .. .. .. .. .. .. .. • . 505 460 965 
22 23 
10 7 
3 
12 16 
47 37 
32 12 
293 232 
28 26 
18 29 
465 382 
ll4 
51 
10 
3 
77 
:m 
1 
178 110 
232 158 
90 10 
847 
288 
390 
100 
965 660 1, 625 
19 183 6,9-28 
63 2,410 
10 118 3,910 
5 20 1,000 
40 384 11,248 
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D.-Paclcages received by the Smithsonian Institution for foreign dis· 
tribution in 1856 and 1857. 
No. of packages 
Al/Jany, N. Y.- 1856. I 1857. 
N ew York State Agricultural Society •••••••••••••• - •••••••. 
New York State Medical Society···············-····-··-··· 
5 43 
(j 
Prof. James Hall •••••••••••••••••••••••••••••••••••••.•. 
BaUimore, Md.--
8 
Philip R. Uhler ••••••••••••.••••••••••••••••••••••••••• - . 25 
Baton Rouge, La. -
Institution for Mutes and Blind .••••••••••••••••••••.••.•. 18 
Bosum., Jfass.--
American Academy of Arts and Sciences ••••••• _ •••••••••• _ . 3 9 2 
Boston Society of Natural History.......................... 65 
Historic-Genealogical Society _ ••• _ •• __ •••• _. _ ••••••• - - • • • • . 1 
Prison Discipline Society •••••••••••• _..................... 32 
Dr. Warren •••.•••••••••.. _ • _ ••••••••••• __ • • • • • • • • • • • • • . 6 
98 
56 
B. Homer Dixon .••••••••••..• __ .. _ . • • • • • • • • • • • • • • • • . • • • • . _... • • • . 7 
W. H. Dixon •••••••••••••• ___ ._ .•• _ ••.• ___ •••• - . • • • . • • • . 5 . - .•••.. 
Ed. Jarvis..................................................... . 84 
Ed. Tuckerman ••••••••••••••••••.••••••••••••• _ • • . • • • • • . . • • • • . . . 10 
W. H. Prescott.......................................... 8 ••••.••• 
Heirs of Amos Binney, M. D ••••• - ••••.••• - •••••••••.•••• - -•••.• - - 4-!) 
Oarnhri,dge, JJ!Iass.-
American Association for Advancement of Science .•••••• - . • • . 28 . - •••••• 
Cambridge Observatory ••••••••.••• - •• - - • - - - • • • • - - - • • • • • - - · - - • • • • · 1 2 lO 
J. D. Runkle .••••..•••.•••••••••.••••• -·--·······--····· 50 •••••••• 
Prof. Asa Gray ••••••••••••.•.•••••••••••••••••••• - • • • • • . J :12 
Prof. D. Treadwell....................................... 200 •••••••• 
Oharl,eston, S. 0. -
Dr H. W. Ravenel ••.• ······················--·········· 2 ·-·-·-·-Chicago, Ill.-
Col. J. D. Graham, U.S.A ••••••••••••••••••.••••••••••...••••••. 
Cincinnati, Ohi..o-
M. L. Knapp, M. D •••••••••••• - ••••••• - - • • • - • • • • · • • • • • • · 
D. Vaughan •••.••.•••••••••••••••••••••••••••••.•••••••• 
Columbus, Ohio-
Ohio State Board of Agriculture ••••.••••.••••••••••••••••. 
Fran1cfort, Ky.-
Geological Survey of Kentucky ••••••••••••.•••••••••.•••• 
Georgetown, D. 0.-
66 
274 
50 
Georgetown College .••••••••.••••••• ••·•••••••• - • - • • • • • - · 
Granada, Nicaragu,a-
2 ·--··--· 
Prcsiden t Rivas ••••••••••••••••• •••• - • • • • - • • • • • • • • • • • • • • · 
IIarif ord, Oonn. - 100 I·-·-···· 
Hon. Henry Ilarnarcl . - ..•...• - .. - - .. - - - • - · - - • • · - • • • • · - - • · 283 I ____ •••• 
Mr. Potter ••.•.•• - ••••••••••• - • - - • • - - • - • - • - - - • • • • • • - • - - · 
Lansing, Jfich. -
Michigan State Agricultural Society - - - - •••••• - •• - •• - • • - • - - -
Lelanon, Tenn. -
22 
r,o 
Prof. o fford ••••••••• - •• - - • • - • - - - - • • • - • - • • · • • • • • • • • • • • • · · • · - • • • · 
l,c,weU, Jfa .. ,&.-
Jarne B. Francis ••.•••••• • · · - • - - · - · • • • - • • • • • • • - · • • · • · · • · 16 ·····-·-
Mruluon, Wu.-
WiHcon. in, tnte Agricultural, 0cicty --··········-·······--- ------- · 
tli. toricnl Society of Whicon in ••••••.••••••••••••••••••••• -······· 
J.Yew Brmw rirlc, N'. J.-
Prof. co II. Cook _ •••• - •••• - • - • • • • · - - • • • • • • - • • • • • • • • • • • · • • • · · • · 
H 
-10 
5 
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D-Continued. 
No. of packages . 
. 
_¥ew Havm, Oonn.--
American Journal of Science •••••••••••••••••••••••••••••• 
.American Oriental Society .••••••••• - • - •• •• ••••••••• ~. - •••• 
Prof. D. Olmsted •••••••••••••••• - •••••• - •••••• - •••• - •••• 
New York-
1856. 
48 
4 
10 
1857. 
20 
.American Geographical and Sta.tis ti cal Society ••••. - • • • • • • • • • • . • • • • • • . 57 
New York Lyceum of Natural History...................... 86 ........ 
Prof. W. Gibbs •••••••••••••••••••••••••••••••••••••••••• 
Philadelphia, Pa.--
.American Philosophical Society ..._. •.••••••••••••• - • • • • • • • • • . 42 
Academy of Natural Sciences .••••••••••••••••••••••••••• - • 300 
Central High School of Philadelphia........................ 100 
Historical Society of Pennsylvania • • • • • • • • • • • • • • • • • • • • • • • • . 4 
Pennsylvania Institute for the Blind........................ 45 
Philadelphia Library Company • • • .. • • • • • • • • • • • • • • • • • • • • • • • l!) 
Dr. Horner, U.S. N ...................................... 100 
Isaac Lea ............................................... 171 
Dr. Josaph Leidy..................... •••••••••••••••••. 134 
Dr. J. A. Meigs •••••••••••••••••••••••••••••••••••••••••• • - •• - - • -
Providence, R. I -
State of Rhode Tuland ••••••••••••• _ •••••••• _ ••• __ •••••••••. - • - ••. 
&. Louis, Mo -
St. Louis Academy of Science •••••••••• _. .. • • • • • • • • • • • • • • • • . • - ••••• -
Dr. B. F. Shumard............................... ......... 12 
San Francisco, (Jal -
S 
California Academy of Natural Sciences ••••• _ ••••••••••••••• 
antiago, Ohfle-
U ni versity of Chile ••••••••••••••• _ •••••••••••••••••••••. 
Sat•annnh, Ga -
Dr. Jos. Jones 
---------·------------------------------- -Toronto, Oanad11.-
50 
140 
50 
Canadian Institute lfasltington, D. C.- -- - --- - -- -- · -- - - · - - - - - - - • - - - - - - - - - - - - - - ........ - - - - -
U. S. Patent Office 
Ordnance Bureau --- .. • - - - .. - - - - - • • .. - - • - • - - • • - - • • • - - • - - - -
U S Coast Sur • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • · 
250 
46 
· 67 
90 
79 
173 
100 
53 
178 
47 
44 
161 
17 
250 
---- __ ... 
497 
73 National Observ:%;. - • • • • • • • • · • • • • • • • • • • • • • • • • • • • • • • • • • • • · 
Light-House Board y. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • · • · 
Secretary of War - - - - - - · - • - - • - • • • - • - • - - - - - - - - - - - - - -
Surgeon General. : : _::: :- - - - - • • • • - .. - - - • • .. - - - .. - - • - - - - - - · - -
12~ ·-···ii4 
50 ::I f:~ffer;:~~ :s~·-:: ~: :: : : : :: : : ~ ;~ ~ ~ ~ ~ ~ i ~~~ii~~~~~! 96 ...... .. 
L!cut. G. K. w;rre~, ·Ji·A········--····-·····"···-··--
L1eut. J.M. Gilliss U.S. N ·········-·-···-·····-····· 
50 
20 
18 
20 
t~: ~~ii~~::d~· '··-·---·--·-···-··-·:::::::::::::::::: 
. ,v · J. Rhees •• _.:::.... • • • • • • • • • • • • • • • • • • • - • • • • • - • • - • • · • • - • • - - • 
llli!Cellancous ••••••••••••••• • • • · • • • • • - • - • - - • • - • • • - - - •••••••••• 
133 
.. -----·. 
-----··· 
.. - ... --- -· 
· · · ·. -25 
50 
50 
100 
120 
Total ··········-··- •••••••••••• ····-- 3,~ ·-3:-;; 
upposing each parcel to cont · ===== =========-
A 
the nu_m~r of these would ~n an average of one and a half pieces, 
ddof m1th · e ·······-·-- 5 265 Add volumes ~lllan ~olumes and memoirs, ab;t~t • • • • • • • • • • • • • • • • · - ' 
o public documents bt. d .···.··--···-·-·-··· 2,500 
5,095 
2,500 
1, ooo 0 aine and d1stnbuted, about •• __ 1, 500 
pproximate total of vol ------
___ 1 n_ti.:.:t1:.-.1tion ... . .. umes and pamphlets sent abroad by the 
---·-·-=· :.::.:· ::·.:.:· :.:.-·::·.:.:.:.·.:.:· :..:.· ·::·:..:.· -::·:..:.· ::·.:.:· :..:·:..:.· :..:·:..:.· -J_~9 ''..:2~65~~8, 595 
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E.-Addressed packages received by the Smithsonian Institution from 
Europe, for distribution in America. 
.dlJJany, N. Y.--
N ew York State Library----------------------------------
Bodon, Mass. --
American Academy of Arts and Sciences .• __ • ____ • __ • ______ . 
Boston Society of Natural History _________ • _______________ _ 
Bowditch Library __ ._._. ________ • ___ ._._ .• ___ • ________ . __ 
Cambridge, .Mass.--
American Association for Advancement of Science. __ • ___ •• __ _ 
Cam bridge AstronomiGal J ournaL _ . _______________________ _ 
Cambridge Observatory . ______ • __ •• ___ •• __ •.••• _____ •• __ . _ 
Harvard Co 11 ege _ • _____ • _ .• _ . ___ •• _ . ____________ • _______ . 
Charleston, 8. C.--
Literary and Philosophical Society ____ •••• _ .••• _ •••• __ . ___ .. 
Ooluml,us, Ohio--
Ohio State Board of Agriculture ---------------------------
Georgetown, D. 0. --
Georgetown College .•• __ • ___ •••. __ ••• - • - - ••••••••••.•• -
Laming, Afich.-
:M:ichigan State Agricultural Society • ___ •• ___ •••••••••••• __ _ 
Madison, Wis - · 
Wiscon sin State Agricultural Society ••.. _ •• _ ••••• _ ••••••••. 
New Haven, Conn.--
American Journal of Science-----------------------------· 
American Oriental Society •••••• __ .. _ - - - - - - - . - - •• - - • - - - - - . 
New Orleans, La.--
New Orleans Academy of Natural Sciences------------------
New York-
American Geographical and StatiRtical Society . _ •••••••..•••. 
New York Lyceum of Natural History ____________________ _ 
Philadelphia, Pa.--
American Philosophical Society ••• - - - - - • - - . - - •• - - - •••.• - •• -
Academy of Natural Sciences . ___ • - _____ - . _ - - . - . - •• - • - • - - •. 
Franklin Institute _ ••••• - • - •• - • __ •.. - •••• - ...... - - - - - - - - - -
San Francisco, Cal.-
California Academy of Natural Sciences. - - - • - - •• - - - - - - - - - - - -
Santiago . Chile-
University of Chile _. __ • _ .. - - - • , - •• - - • - - - - - - - - - - - - - - - - - - · 
Observatory ..•• -------------------------------------··· · lV ashington, D. 0. -U.S. Patent Office _____________________ _________________ , 
National In. titute ••••• __ .•. - -- • -- - •• - - --- --- - - -- - - - - - -- - · 
Bureau of Ordnance and Hydrography .•• - - - • - - - - - - - - - - - - - - -
U. S. Coast u rvey •••...•••. - - - - - - • - - - - - - - - - - - - - - - - - - - - - · 
National Observatory •••• - ••• - - - - - - - - - - · - - - - - - - - - - - - • - - - - -
nrgeon General •. _. _ ••.•• - - - - - • - - - - - - - - - - - - - - - - - - - - - - - • -United States .Agricultural ociety ___________________ ______ _ 
Library of Congress-------------------------------------· 
Worce.,ter, Jlfass -
American Antiquarian t>ocicty ------------------- ·---------
Mh;ccllancous addrcsi:;cs, institution!! •• - - - • - - - - - - - -- - - -- - - · - - - - -- • -
Indi vid ualR. - - .• - • - • - - - •• - - ••• - - • - - - - - - - -
Total ___ •• _ - - - - - - - - - - - - - - • - - - - . - - - - - - - - · - - - - · 
No. of packages . 
1856. 
9 
42 
30 
1 
7 
24 
9 
22 
2 
14 
3 
8 
22 
5 
1 
12 
24 
24. 
74 
57 
!) 
4 
1 
2 
;37 
3 
l 
27 
23 
1 
2 
17 
] 
437 
l 
1857. 
9 
53 
3!) 
7 
19 
9 
19 
24 
13 
22 
5 
16 
1!) 
25 
55 
62 
7 
10 
6 
7 
57 
3 
3 
24-
G:J 
10 
:i30 
32 
l 27" 
Io acldition to the above, 142 volume. w r r 
di tribution to uch a<ldrei; cs as might be select 
ivc l from fiv Enrop ·m in titutioo · for 
by the , mitb onian. 
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DETAILS OF THE SYSTEM OF EXCHANGES. 
- As the system. of _internationa~ exchange now carried on by the 
Smithsonian Institut10n has attamed a very great development a 
sketch of the mode of conducting it may not be amiss at the pres;nt 
time. The subject may be considered under two heads, one relating 
to the parcels receive~ from parties in the U~ited S~ates for trans~is. 
sion to foreicrn countries, and the other havmg reference to receipts 
from abroad for institutions and individuals in America. In con-
nexion with this subject, it may be stated that a large room in the 
Institution, measuring 70 feet by about 25, is devoted to the depart-
ment of exchanges, and, besides containing the stock on hand of 
Smithsonian publications and of miscellaneous documents, is fitted up 
on one side with a series of large binns, each one devoted to a partic-
ular 'portion of the world, and appropriately labelled. The floor of 
the room is occupied by a series of long tables, five feet wide, on which 
parcels are made up or unpacked. Printed addresses are arranged in 
small pigeon holes, and include nearly all the correspondents of the 
Institution, domestic and foreign, amounting, at the present time, to 
nearly one thousand names. 
Operations connected with transmissions from the United State8. -The 
transmissions of the Smithsonian Institution are regulated, in a mea-
sure, by the time when the annual volume of Smithsonian Contribuw 
tions is completed. One or two months before this time, a circular 
letter of advice is transmitted to all the institutions and individuals 
in th~ United ~tates and the Oanadas known or supposed to have 
a desue to avail themselves of the facilities of the Smithsonian sys-
tem of ~xchanges, and the conditions stated upon which parcels will 
~e received. ~f any society or individual have published a work 
hke~y ~ob~ of ~nte:est to the scientific and literary world abroad, a?d 
no 1?d1~at10_n 1s given of an i_ntention to distribute copies, a special 
apphcat10n 1s made for them and no effort left untried to secure to 
the foreig~ investigators the henefit of all original and useful Ameri-
can material. Such appeals are generally responded to very favor-
ably, and very many publications of the different bureaus of the gov-
e?m~n~, of States, and of State agricultural and historical institutions, 
0 societies, and of ind~viduals, have thus been obtained. . 
1 I~ ne~rly_ all cases, m the first instance at' least the Smithsonian f!s~~utrnn 1~ c~lled ?n to furnish lists of ~uitable foreign recipients 
t b e Jdubhcatwns Just referred to, or the volumes are sent in bulk, 
0 
e a. ressed here. After the first sending the exchan <>'e is usually fu~:i: di;ec~ly be;1een the parties correspondi~g, the Institution pre· Wash~ 0t ave I e parcels properly addressed before forwarding to 
the d mgt_on. n all cases great care is taken to secure the credit of 
ona 10n to the proper pa t d . . d to 
come directly fro th I . r .Y, an to prevent 1t bemg suppose 
T . . m e nst1tut1on 0 fac1htate the sel f f · · 
cbange the I ft /c wn ° suitable recipients for donations or ex-
pared li t of is 'l_ u 1~n PJbl~shes once in two years a carefully pre-
one i sued cont 0:eign mstitutrnns for general distribution. The l_ast 
ams over 570 names, but manuscript additions bring 
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the number up to about 700. The list of individuals is nearly as larcre 
as that of institutions. 0 
To facilitate the selection of recipients for particular works, of which 
a limited number of copies only may be avajlable for distribution 
classified lists of institutions are kept, as of academies of science gene~ 
rally, and of societies devoted to special subjects, as geography, ge-
ology, zoology, botany, ethnology, statistics, &c., and these are ar-
ranged from No. 1 upwards, in the order of relative importance, or of 
equable distribution among the centres of learning; thus six copies of 
any work on hand would be assigned to the first six names on the list 
of institutions most interested in it. 
The parcels, as received from the different portions of North Amer-
ica, are placed, after being addressed, (if not so already,) in their ap-
propriate receptacles, and the list entered specifically in a record book. 
To facilitate such entry, a detailed invoice of each transmission is re-
quired, and the failure to furnish it puts the institution to the great 
trouble of making it from the books themselves. 
When the parcels have all been received, a list of the different do-
nors is printed, together _with the titles of the various works which 
the institution has for distribution at the time. On the day assigned 
for commencing the labor of making up the packages, the binns are 
emptied successively, the contents arranged carefully on the counters, 
so as to bring everything for one address together, the Smithsonian 
donations are added, and each particular piece is checked off in the 
printed blank just referred to. This rough invoice is numbered and 
handed to the packers, who make up the volumes into one or more 
bundles) and mark them with the number of the invoice, by which 
means they are easily identified and labelled. ·when parcels or books 
are addressed to individuals, these are usually inclosed in the bundles 
of the societies to which they belong, the number and addresses of 
such sub-packages being marked on the rough invoices. A correct copy 
is made of these lists, and forwarded by mail or otherwise to the par-
ties, in which is also stated the nature and time of the tran mission. 
These invoices are fin:1lly posted., to the debit of the party addressed, 
in a large ledger, whjch shows what each has had, and what rctu:n 
has been made to the Institution. The record of each packc go 1 , 
therefore, made four times. . 
. In sending the invoice of the package for. e3:ch addres , CI~c~1lar 
1s added explaining the oqjects of the transm1ss1on, and the conditions 
on which the exchange will be continued. . . 
_The time occupied in invoicing an~ makmg up th~ pack ge~ van s 
w1th the occasion, although a month 1s usually req.u1rocl t fim h the 
work. After the bundles are all made up, tho e for each ag nt arc 
brought into one heap, and they are then packed into b xcs, a check 
list being kept of the numbers placed in each b x. 
~here are three principal a~ents in ~ur pe _who hav ch3:r"e o.~ the 
m:tb onian exchanges in their re pect1ve reg1 ns: r. e!1 lugel, 
res1~ nt in Leipsic, bas charge of continental i ~rop , with t~ 
cepti n of France, Italy, pa.in, and ortuga.l, (which re upphe by 
ector .Bossange, of Paris,) and of r. c~ an Turkey. F eory 
teven , of London, is agent for reat Bntam and Ireland. rceco 
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and Turkey are usually reached through ~he American mini~ter at 
Constantinople and the co?sul at Alexandna. Mos~ of the pomts in 
Asia and Africa are supplied through the Pre~bytenan Bo~rd of For-
eign Missions in New York, and the American Board m Boston, 
Australia through Mr. I. W. Raymond, of New York, and South 
America through a variety of channels. 
The boxes for the agents above mentioned, containing the different 
parcels, are then s~nt from the Instituti.on; thos~ for Dr. !lugel being 
shipped from Baltimore, through Oelrichs & Lurman, direct to Bre-
men, thence by railroad to Leipsic. The boxes for Messrs. Bossange 
and Stevens are shipped by packet from New York. 
The governments of Europe to whose ports shipments are made by 
the Institution have all authorized their admission free of duty, on 
filing an invoice with the customs authorities some time in advance of 
the arrival of the boxes. After being received by the agents, these 
boxes are 1rnpacked, and the different parcels distributed to their desti-
nation through the channels selected by the intended recipients, accom-
panied by circular advices from the agents. In Germany the parcels 
are usually transmitted through the booksellers of Leipsic, as they 
may have occasion to send to correspondents in the various towns. 
Exchanges from foreign countries for .America.-The system of ope-
rations in this case is similar in principle to that just described, 
although the steps take place in inverse order. The packages are sent 
to the agents of the Institution, who inclose them in boxes, which are 
forwarded monthly, or oftener. On being received in Washington 
they are unpacked, an entry made of their contents and the parcels 
placed temporarily in the binns assigned to their respective addresses. 
They are then assorted, those for each party made up into one bundle, 
and _thus fo:wa:ded, by express or otherwise, accompanied by a blank 
receipt, which 1s to be signed and returned. 
MUSEUM. 
A.-Increase of the Museum. 
h Thi collections in natural history received during the year 1857 
thve e:n .0\ great extent, and embrace many important additions to 
v e ~ttia on h~nd for extending the knowledge of the animal, 
r:!e~ ad eh an\ mmeral productions of America. The specimens 
ort~\ b ~ve een from the usual variety of sources · the most im-
~ent ~ edi~t~' as heretofore, those brought in by the different govern-
xpe 1 ions, as follows : 
e8i' ~Vef 0/ the northwestern boundary line Archibald Campbell, ~~d anmdissdwn_er.-The expedition left in A'pril 18n7 for Puget 
· ' urmg the year h d ·t · ' ' t t 1meahm.oo b a 1 s mam camp for the most par a 
of the animaf[ ~:tr1 the mouth of Frazer's river. Large collections 
nerly, surgeon and P ants ?f the Sound have been made by Dr. Ken· 
fossils by Mr Geo nat0u.rbabh
st of the expedition· and of minerals and 
· rge 1 s, the geologist. ' 
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2. Exploration of the Black Hills and Loup Forlt, under Lieutenant 
G. K. Warren, U. 8. A.-Lieutenant Warren made his third visit to 
the Upper Missouri and Yellowstone region, accompanied, as on -pre-
vious expeditions, by Dr. Hayden as geologist and naturalist. Very 
large collections in all branches of natural history were made and 
brought home, tending, in great measure, to complete our knowledge 
of the distribution of species over the high plains of the west. 
3. Wagon road to Bridger's Pass, under Lieutenant F. T. Bryan, U. 
S . .A.-During his second year's work on this road to Utah Territory, 
Lieutenant Bryan, as before, was accompanied by Mr. Wm. S. Wood, 
who continued and completed the collections of the preceding year, in 
securing many species not previously obtained. Dr. Wm. A. Ham-
mond, U. S. A., who accompanied the party as surgeon, also made a 
separate and independent collection of much interest, not only on the 
route, but while stationed at Fort Riley. In this he was for a time 
assisted by Mr. J. Xantus de Vesey. 
4. Wagon road to California via South Pass, under Wm. M. Ma-
graw.-'I1his party, accompanied by Dr. James G. Cooper, as surgeon 
and naturalist, aided by C. Drexler, :reached Fort Laramie during the 
autumn. The collections in all departments were large and import-
ant, and were accompanied by copious notes on the species observed. 
5. Survey of the southern boundary of Kansas, under Lieutenant 
Colonel Johnston, U. 8. A.-A valuable collection of specimens in 
alcohol was made during the survey by J. H. Clark, esq., astron-
omer of the expedition. 
6. Survey of the Isthmus of Darien, unde1· Lieutenant N. Micliler, U. 
8 . .A.-This expedition, accompanied by Mr. A. Schott and M .s rs. 
Wm. S. and Charles Wood, sailed for Carthagena in October, pro-
ceeding thence to the isthmus. While at Carthagena a collection of 
birds and shells was made and sent to Washington, and others are on 
their way. 
Among government expeditions fitted out in 1857, but from which 
no collections have yet been received, are the following: 
'7. Wagon road route to California via El :'aso and Fort ttma, 
under Colonel Leech.-This expedition was accompani d by r. foCay 
and Mr. Hays, both of whom were prepared to make c llection in 
natural history. 
8. Exploration of the La Plata and its tributarie , u~der aptain 
Page, U. S. N.-Christopher Wood d ing duty a zool g1c l c 11 ct r. 
9. Artesian well expedition, ?n the Llf!,n_O E tacaclo, U?7-det (J_aptain_ 
Pope, U. S. A.-This is the thud expedition t the tenle reg1 n f 
western Texas, conducted by Captain pe. 
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1 o. Exploration of the O,oforado river, under Lieut_enant J. 0. Ives.-
This expedition started m September, accompamed by Dr. J. s. 
Newberry, surgeon and ge_ologist, and H. B. Mollhausen, artist and 
zoologist. Several collect10ns made by these gen_tlemen about San 
Diego are on their way, but have not yet been received. 
The more important private explorations from which specimens 
have been received are as follows : 
11. Region around Fort TeJon, California, by J. Xantus de Vesey.-
The collections made by Mr. Vesey will compare favorably with any 
obtained under government auspices, and embrace complete series of 
the animals and plants of the vicinity of Fort Tejon, as far as met 
with; they also include quite a number of new species. 
12. Southern Illinois and Northern Red river, by R. Kennicott.-Mr. 
Kennicott, under a commission from the Northwestern University, at 
Evanston, Illinois, to procure for its museum a collection of specimens 
of the natural history of the northwest, visited southern Illinois in the 
spring, and after exploring the vicinity of Cairo and New Madrid 
for several months, proceeded to the Red river of the North, within 
the British possessions, and nearly to Lake Winipeg. The collections 
made cover all branches of zoology. 
13. Coast of Florida, by G. Wurdemann, United States Coast 
Survey.-Mr. Wurdemann's collections were in continuation of those 
of previo?s years, and included a great variety of species, among them 
several b1t'ds new to the fauna of the United States. 
14. Red river of the North and of Nelson's river, H. B. Territory, 
~y Donald G?.fnn, esq.-A large collection of birds and mammals made 
m these reg10ns by Mr. Gunn, assisted by Mr. John Isbister, have 
added much to our knowledge of the distribution of species. 
A collection of about 150 species of birds of Arctic America, Mexico, 
a~d Guatemala, presented by John Gould esq of London has fur-
nfished ve:y important data for comparison ~nd d;termination'of species 
o the U mted States. 
Of the numerous other collections made it is impossible to give an 
tccount _he!e .. The d~~ailed Jist of contributions and donations will, 
01ever, fur!3-1s~ add1t10nal mformation on the subject. difn conclus~on it may be proper to state, that of the o-overnment expe-
th:°S~ ~Dtioned above, that under Mr. Campbell °was organized by 
B a O epartment; those under Lieutenant Warren Lieutenant 
WryanD, olonel Johnston, Captain Pope and Lieutenant'Ives by the ar epartment · th d ' ' D partment of the ' ~se un er Mr. Magraw and Mr. Leech, by the. e-
tenant 1ichler blni~noNr; and those under Captain Page and Lieu· 
In th '· Y e avy Department. 
. e reception of collect· · h · I t" tu tion is und . 1~ns from t e California coast, the ns 1 • • 
Line, compo:~dgrf~t obtg~tions to the California Mail Steamship 0 
e nited States Mail Steamship Company, the 
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Panama Railroad Company, and the Pacific Steams~ip Company, as 
also to Messrs. Wells, Fargo, Co., for free transportat10n of very many 
boxes and packages. The expense of what has been thus received, if 
charged for at the usual rate, would have been entirely beyond the 
means of the Institution, and if in an unprecedentedly short time our 
knowledge of the natural history of California has been carried to a 
point fully equal to that of any of the older States; it is unquestionably 
owing in very great measure to the liberality of the companies above 
mentioned in so generously seconding the efforts of the Institution. 
The following table exhibits the additions made to the record books of the 
m'useum in 1857, in continuation of previous years: 
I 
1851. 1852. 1853. 1854. I 1855. I 185G. I 
1857. 
I Mammals, __________ None. 114 198 351 
I 
1,200 2,046 3,200 
Birds ____ . ____ - - • - - - ___ ., ____ 
-------- -------· 
4,353 4,425 5,855 8,766 
Skeletons and skulls._ 911 1,074 1,190 1,275 2,050 3,060 3,:340 
Rep tiles _ _ _ _ _ _ _ _____ 
--- ··---- -----·-- -------- -------- --------
10(j 
I 
239 
Fishes ______________ 
-------- -------- -------- ---- ----1··------ 155 (il;j 
Present condition of the museum. 
The remarks in the last annual report of the Institution in relation 
to the richness and extent of its collections are strengthened by the 
additions of the past year, and they are confidently believed tu be 
beyond competition in the field of American zoology. The precise 
statistics. cannot now be given for the different classes and orders, as 
the cataloguing is not yet completed. In one department, however, 
some idea of the facts may be realized by the statement, that on the 
first of July, 185 7, the Institution possessed-
Sprcirs. 
Of skins or alcoholic specimens of North Ameri_can mammal. ·, •,, • • • • • .. • • • • • 20!, 
Of skins or alcoholic specimens of South American mammals.,,,···•··••····• 1_!:3 
Of skins or alcoholic Epecimens of European mammals .. , • • • • .. • • • • •· • • • • · · · • • 60 2 3 
Of skulls or skeletons of Nortl1 American mammals .•••••·•••·•••··•·•••••••·• 221 
Of skulls or skeletons of South American mammals ...• ••••··•••••···•·•···•··• J 7 
Of skulls or skeletons of European mammals .• ,, ..•• ,········•·•···•••··••••• 4~ 2"6 
This was entirely exclusive of Ceiacea, innipcdia, . h iropt rn and. 
uadrumana of which there were many specie.. , me th fir t f 
July, the nu~ber of species of all order 'ha rec iv •cl n largr. in T •i 
The pecies of North American mammal in the mu nm of h In-
stitution, not mentioned in the great work of A1~cluhon an<~ r chnrnn, 
exceeds 0. Of birds, the orth American p c1 1 r b h v tl t 
ceed 600 ; of reptiles, 400; of fi he,, pro~· b!y r m r . . all 
the e clas es are in proces of elaboration, nccuro..te 
probably be presented in the next report. 
4 s 
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Work done in the museum. 
The systematic registration of th~ Smithsonian ~ollections has been 
carried on as rapidly as other duties would admit. The number of 
species labeled a~d.entered ~uring the year 3:mounted to 5,271; m_ost 
of them in three different senes of records, makrng nearly 15 ,O00entnes. 
It may be proper to state that all collections, as received, are entered in 
a general record book, _of which th~ alphabetic3:l list of don~tions ap-
pended to thjs report 1s a transcript. The drfferent specimens are 
next labeled and then entered on the record for the class, or particular 
order, and from this posted in a ledger consisting of separate sheets, 
one for each species, systematically arranged, and each sheet contain-
ing an enumeration of all the specimens of its species, with the lo-
calities, sex, date, measurements and other memoranda, making the 
third time of writing out the name and statistics. In this way not 
only can information be obtained of the number of species of each class 
or order, but also of the separate specimens, with the locality and gen-
eral character of each one. The posting up is complete for the mam-
mals, birds, and osteological specimens, and well under way for the 
reptiles and fishes, and some orders of invertebrates . · 
During the past year the general report on the mammals of the 
Smithsonian collection has been completed and printed, forming volume 
yrn of the Report of the Pacific Railroad Survey. That on the birds 
1s far advanced, and will be finished in the course of the ensuing 
year, whic~ will also, it is hoped) witness the completion of reports 
on the reptiles and fishes. 
Distribution and use of the Smithsonian collections. 
As in previous yea~s, the_ Smithsonian specimens have been fre~ly 
used by students and mvest1gators in natural history, in preparat1?n 
of_ Monographs a~d other researches. Duplicates have also been d1s-
tnbuted to a considerable extent) and as the collections become better 
a:ra~ged_ and other circumstances allow, it is hoped to make such 
d1stnbut10n on a very extensive scale. 
List of Donations during the year 185 7. 
0. Bellmann -Fishes &c 1· 1 h l f M" . . . J d · , ., n a co o , rom 1ss1ss1pp1. . 
· an l A. Brakel~y.-Freshdeer and otter from Virginia; jar of birds, 
m~mma s ~nd reptiles from the Alleghenies of Virginia. 
to tb Mas?n Brown.-Oast of the skull of Daniel Boone taken previous 
.e re-mterment of his remains ' 
Lieutenant F T Bry U S A. · l -
cimens collected b w·a~, · · .-Three boxes of zoologica . spe 
from Fort R"l t YB 'dilham S. Wood on the wagon-road exped1t1on 1 ey O n ger's Pass 
'4rchibald Campbell O b · · 1 ho\ic specimens 11 ·t d ne ox of dned skins, and one chest of a co-
northwest bound~o ec e on Puget Sound by Dr. Kennerly, on the 
J H Ola k ry survey. 
· · r .-Chest with two cans filled with reptiles, fishes autl 
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mammals in alcohol; specimens of salt from the salt plains of the 
Pewsa, on the southern boundary of Kansas. 
ilfr. Oook.-Copper ores from Arizona. 
Dr. J:G. Cooper.-Collections made near Fort Laramie, and thence 
to Indep~ndence ; four bottles of Salamanders from New Jersey ; one 
hundred skins of birds from California and Washington Territory. 
L. Coidon.-Box of Swiss mammals. 
Dr. S. Wylie Crawford, U. S . .A.-Thirty-two jars of reptiles an<l 
mammals from Texas and New Mexico. 
Benjamin Cross.-Golden eagle in the flesh (length 36¼ inches · 
extent, 86 inches ; wing, 25 inches.) 
J. P. Cunningham.-Box of Kaolin earth from Virginia. 
John Day.-Snake from Virginia. 
T. 0. Downie.-Goluber couperi and Geomys pinetis, in alcohol, from 
Georgia. 
0. Drexler.-Skins of six birds and three mammals from near Phi] .. 
adelphia. 
Dr. J. Evans.-Ten boxes and one bundle of collections of geological 
survey of Oregon ; skins and skull of Felis concolor (panther ;) six 
skulls of Flathead Indians, from Oregon. 
Jame8 Fairie.-25 skins of Lepus aquaticus (marsh hare) and Sciurus 
ludovician·us (Fox squirrel;) birds, reptiles in alcohol, from Louisiana. 
A. B. Forbes.-Viviparous fish (Ennichthys megalops) from Cal-
ifornia. 
Professor 0. G. Forshey.-Cast skin of Scotophis, and skin of mou e, 
from Texas; specimens of supposed equine fossil foot-marks; jar of 
alcoholic specimens ; skins of serpents; dried plants ; skin of Ocelot 
and of Raccoons from Fayette county, rrexas. 
W. H. Gantt, M. D.-Infusorial earth from Texas. 
0. E. Garrison.-Six packages Infusorial earth ; skins of Putoriu 
richardsonii and Spermophilus 13-lineatus from Minnesota. 
Dr. W. Gesner.-Jar of Geomys pineti<J and Lirvicola; mammaJ 
and reptiles in alcohol ; two jars of mammals from ,-eorgia. 
George Gibbs.-Box and barrel containing keleton of birge harJ~, 
from Port rrownsend, W. T. ; keg of fi hes, from Puget ' und; k " 
of fishes from Columbia. river. 
Dr. J. B. Gilpin.-Skins of mamma.ls from ova ~ cotia; fiftc n 
skins of Putorius and Sciurus from Labrador ancl Nova • 'cot ia; j r 
with 12 mammals in alcohol, from Nova• cotia. 
TV. R. Goodma:.-Diatomaceous earth from Anne Arund l county, 
Maryland. 
John Gould.-160 skins of bir<ls of Mexico and ui trma1a. · skin r ~umming birds, (Oampylopterus de~atttii, Trochilu .. lieteropO(J01t and 
l!.irwpus luciani ;) skins of Apternu,s hirsutus a?d arctwus. . 
Donald Gunn.- kins of mammal and bud. ; k •let n.: · Hp c1-
m ns in alcohol from Reel riv •r. keleton of m le u.n f mal 
' ulverine from Red river, H.B. T. 
Dr. W. A. Hammond U. . A.- ox of skin f hircl. u.nd m m-
ma.l from Kan a . Che t and tw an f zoolo"i p cirncu 
c llected during Lieut. Bryan' ~ 1,edition o Uri g r' 
Pa . 
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Dr. w. A. Hammond and J. X. ·de Vesey.-Skins of twenty.four 
birds and of two prairie wolves from Kansas. 
Dr. E. W. Harker.-Skin of Salamander (Geomys pinetis ?) from 
Georgia. ·1 11 d . h U F. V. Hayden.-Six boxes of foss1 s co ecte m t e pper Mis. 
souri prior to 1856. . . . 
a. J. Heistand.-Specimens m alcohol of sqmrrels, moles, &c., 
from Pennsy 1 vania. . . 
Dr. E. W. Hilgard.-Spec1men of Oarocolla from Spam. 
John S. Hittel._..:.Human skulls and bones encrusted in stalagmite, 
from a cave in Calaveras county, Cal. 
Col. Hoffman, U. S. LL-Concretions from Cannon-Ball river, Ne-
braska. 
B. A. Hoopes.-Can of Menobranchus and small mammals from 
Lake Superior. 
Robert Howell.-Two cans of mammals, in alcohol, from Tioga 
county, N. Y. 
Lieut. J. 0. Ives, U. S . .A.-Fossil Dendrechinus excentrirJus, Point 
Lobas, Cal. ; miscellaneous fossils from California ; fossils from 
Gatun, N. G.-all collected by Dr. J. S. Newberry. 
Dr. R W. Jeffrey, U. S. N.-Collection of :fishes of Norfolk. 
Col. E. B. Jewett.-Reptiles from Texas. 
Dr. 0. B. Kennerly.-Jar of mammals in alcohol, and skins of 
Sciurus cinereus, from Clark county, Va. 
Robt. Kennicott.-Six boxes zoological collections made in soutbern 
Illinois, and in Minnesota to Lake Winipeg. (Deposited.) Gnpher 
(_Geomys_ bu!·sarius) from Illinois; thirty skins of ..tlrvicola and Sorex 
from ~llrn01s; two living squirrels, (Sci·urus ludovicianus.) 
JJfoJor Jno. Leconte.-Astacus la.timanus from Georgia. 
J. lJfacMinn.--Skins of five mammals from Pennsy 1 vania. 
Wm. lJf. Magraw.-Box of skins of birds and mammals; plants 
from Independence; three boxes zoological collections, plants, &c., 
gathered between Fort Leavenworth and Fort Laramie durjng the 
South Pass wagon-road expedition. Collected by Dr. J. G. Cooper. 
Geo. P. lJfa_rsh.-Minerals from Europe. • 
G_. 0. lJfartin.-Keg of reptiles, fish and mammals, from Pennsyl~ 
vama and New York. 
1V. JJ!a,~s~nburn._-Collections of serpents and crustacea from Florida. 
jJfaximilian Prinz Von Wied.-Wild boar (Sus scrofa) from Ger~ 
many, a_nd skins of chamois (Capella rupricapra) and of female ibex (Copra ibex) from Mont Blanc. · 
~tr. lE). lliichener.-Mounted original of Emberiza townsendii. (De-1>0 ·1 ec. 
JJ_. Miller, Jr.-Thirty small mammals in alcohol from Pennsyl· vama.. , , 
Robt. 0. Millon.-Box of fossils from M' h. 
II B Molll Sk' ic igan. f E 
ropP~n ··taO' (U(/sen,-lt lil of head and ~skull, with horns, 0 · i U• 
JV }' o, ervus e aphus.) 
• J, JJoore Skins f k llenry .Mo .- 0 mon eys from Bolivia 
ores,-Star fishes from California. (Deposited.) 
REPORT OF .ASSIST.ANT SECRET.ARY. 53 
H. Jf. Neisler.-Shells, reptiles, fishes, &c., in alcohol, from 
Georgia. 
Dr. J. 8. Newberry.-Box of shells, Acapulco; specimens of coal-3 
from Ohio. 
New Orleans Academy of 8ciences.-Skin of pouched rat (Geomys 
pinetis) from Florida. . 
B. lJf. Norman.-Three living turtles from New Orleans, (Em,y 
mobilensis?) 
B. F. Odell.-Mammals and reptiles from near Lake Winnibigo h-
ish, Minnesota. 
John Oliphant.-Falco sparverius, in flesh, from Maryland. 
Cap~. T. J. Page, U. 8. N.-Two packages of mate and six bottles 
of water from the Rio Negro and Mato Grosso. 
Dr. D. W. 0. Peters.-Skins, birds, and mammals; reptiles and 
fishes, jn alcohol, from New Mexico. 
Thos. M. Peters.-Bottle of reptiles; skin of A.bastor erythroyram-
mus from Alabama. 
Prof. Poey.-Two living Emys decussata; living boa or nrnja, 
(Epicrates angulifer )') collection of reptiles, in alcohol, from Cuba. 
J. P. Postell.-Two living Gophers, (%studo polyphemus ;) skull 
of' Geomys pinetis ). box of shells, and other invertebrata, from Georgia. 
John Potts.--Skins of Bassaris astuta, Putoriusfrenatus and Didel-
phys californica, from t!1e city of Mexico. 
Francis B. Ray.-Bottle containing Ophibolus eximius from l\fo-
souri. 
E. Raymond.-Fossil wood from Neuse river, North Carolina. 
J. W. Raymond.-Skin of white raccoon from North Carolina, aml 
of Bassaris astuta from California. 
Peter Reid.-Fresh water sponge, in alcohol, from near L ke 
Champlain. 
Rev. Jos. Rowell.-Monkeys and other mammals) fi hes, &c., in 
alcohol. 
II. de Saussure.-F°our bats, Sorex alpinus, Jlfyoxus gli., JJfw~ 8!Jlunti-
cus, and musculus, and Arvicola nivalis from the f 1 t. Gothard, 'wit½er-
land; other small mammals of Switzerland. 
S. II. Scudder.-Can of mammals, in alcohol; box of in.·cct from 
Massachusetts. 
Lieut. Semmes, U. 8. N.-Syenite from North recnland. 
J. D. Bergeant.-Jar of mammal from l' nn ·ylvaniu.. 
Jame8 Shoemaker.-Snake. and fi hes from I , anokc county, Vn,. 
Col. Wm. B. Slaughter.-Peat from WisconRin. . 
J. StauJfer.--Can of mammal , in ale hol, fr m Penn lvn.nm. . 
. J. J.·. Steenstrup, Director of Zoological Mm.1cum, 1opcnhag ·n.-, 1.· 
Jars of mvertebrates from Greenland 
J. _11. Sternberg.-Four turtle ; tw.o !'~·· of shell , n.ncl of r ptil e .. 
an invertebrates, in alcohol; box of ltv10g plant. from I. hmu f 
Panama. 
William Stimpson.-Two keg an l numcrot! ju.r ,~f mnr~nc inv _r-
t hrnt ,.. and fishes from )fa-. 1.chu tt ; livrnrr rn rin n.nim, l f 1 
aquarium. 
Dr. George Suckley.-IInnter ' kin of elk and of m nntain go t, 
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.Aplocerus montanus, from Washin~ton Territory; box of_ birds from 
Calffornia; skins of ma1:1mals, bud~ ; fishes., sh~lls, n:rnerals, and 
Indian relics from Washrngton Territory; box with skms of mam-
mals and hi;ds; plants, &c., from Steilacoom ; box of birds, shells, 
&c., Port Townsend. . . 
A. S. Taylor.-Jar of vertebrates and crabs from Cahforrna; Cali-
fornia minerals. 
JJfr. Tu/ts.-Living actinia and other marine .animals for aquarium. 
Colonel .A.. Vaughan.-Skins of Vespertilio noctivagans an<l novebo-
racensis from Yellowstone river . 
. J. X. de Ve8ey and Dr. W. A. Hammond, U. S. A.-Skins of birds 
and mammals from Kansas. 
Dr. D. S. Wall, U. S. A.- Skull of Indian and fragments of pot-
tery from a mound near Fort Capron, Florida; skins of bir<ls ; skin 
of manatee, or sea-cow, and of Lynx; also two birds from Florida. 
William D. Wallach.-Oopper ores and native copper from Bay-
field, Wisconsin. 
Robert B. Waller.-Bottle of Oyprinodonts from Alabama. 
Lieutenant G. K. Warren.-Two boxes fossils from Blackbird Hill, 
collected' by Dr. F. V. Hayden; collections made by Dr. F. V. Hay-
den during the exploration of the Black hills in 1857, consisting of 5 
boxes zoological specimens; 21 boxes fossils and plants, &c. 
0. W. Welch.-Troupial (Icter~ts vulgaris) from Laguayra. 
D. Welch.-Menobranchus maculatus from Lake Champlain. 
~amuel Wheat.-Living black snake (Scotophis allegheniensis) from 
Oh10. 
lJfr. Wheeler.-Storeria dekayi from Washington. 
'Thomas Whelpley -Fossils from Michigan . 
. Dr. D. D_. Whitehimt.-Box of specimens and cask of fishes) &c., 
m alcohol, from Gulf of Mexico; specimens of fishes ( crustacea) from 
Tortu gas. 
Dr. ~- W. Wilson.-Four living alligators from Georgia; skeleton 
and skms of otter and deer · skins of Lety)us paluslris · 24 small mam-
1 . } ' T -' ma s, rn a cohol_, from Georgia. . 
Dr. 0. F. Winslow.-Box of lavas from Sandwich Islands· fossil 
hones from Ca1ifornia. (Deposited.) ' 
W. ~- Wood.-B::ild eagle, Haliaetus leucocephalus, mounted; roam· 
rna1,s, m ~lcohol, from Philadelphia. 
O. Wright.-Jar mammals and reptile~ from Connecticut· fishes 
from C b 'd b · · " · '· 
b u a, sai to e v1v1parous · jars of reptiles fishes and mver· te rates from Cuba. ' ' ' 
d' G. [itrde~an:n,.-Box of invertebrates and skins of birds from Inf 
b~anl ey, ] londa; box of bird skins from south Florida ; box 0 m s crustacea corals & f' K · . J E ' , c., rom ey Biscayne, Florida. 
· n· 1· _Younglove.-Bottle of blind fish (Amblyoty)sis ) taken in a well m 0~ mg Green, _Kentucky. ' r ' 
Unknown.-Box uon ores St L . M' . 
, . oms, 1ssoun. f esperomys cognatus, in alcohol. 
i ;a~merbead shark from Norfolk. 
~ ... vmg raccoon and great horned owl. 
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LIST OF METEOROLOGICAL STATIONS AND OBSERVERS 
FOR 'l'HE YEAR 1857. 
BRITISH AMERICA. 
Name of observer. Station. N. lat. 
0 
Baker, J. C------··-------- Stanbridge, Canada East ______ 4.5 08 Craigie, Dr. W ____________ Hamilton, Canada West ______ 43 15 
Delany, jr, John ___ _:_·--- Colonial Building, St. John's, 4.7 35 
Newfoundland. 
Gunn, Donald _ .. __________ Red riv:er Settlement, Hudson's 50 06 
Bay Territory. 
Hall, Dr. Archibald _______ Montreal, Canada East_ ______ 45 30 
Hensley, Rev. J. M ________ King's College , Windsor, Nova 44 5!) 
Scotia. 
Magnetic Observatory ______ Toronto, Canada West _______ 4.3 3!) 
Smallwood, Dr. Charles __ - - St. Martin, Isle Jesus, Canada 45 32 
East. 
Steuart, A. P. s ___________ Horton, Nova Scotia _________ 45 06 
MAINE. 
Name of observer. Station. County. N. lat. 
0 , 
Bell, John J _________ CarmeL _______ - Penob. cot ______ 44 47 
Dana, W. D ____ .. ___ - Perry - - - - - - - - - - Washington---· 45 00 Gardiner, R. H _______ Gardiner ___ - - _. Kennel>'-'-----· 4i 11 
Guptill, G. W _______ . Cornish ville __ - . York---------· 43 40 
Parker, J. D _________ Steuben ___ - ___ . · WMhington --- · 4-4 44 
West, Silas __________ Cornif,h _______ . York __________ 4:J 40 
Willis, Henry. _____ - - Portland . _ . ___ . Cumberland --- · 4;1 3!) 
Wilbur, Henj . F ______ Monson __ • ____ . Piscatn.quis _. __ . 4:3 11 
NEW HAJ\fl HIRE. 
IMl, Samuel N ______ _ 
Bixby,A. II. __ .. ___ _ _ 
Brown, 13. Gould . ___ _ 
Freema.n, Ji". N ______ _ 
Hanscam, R. ]!' ______ _ 
Manchester ___ •• 
Francestown_ - •. 
Stratford _ •• _ - - -
Claremont. -- • -· 
North Barnstead . 
ton,lontl ·rrJ--- -
Sb lburn. ---·-· 
IIillsborongh. _ __I 4 2 /'i!J 
Hill sborough___ •12 fi(I 
4.1, o: 
,i:i 2!1 
4:1 3 
Mack, R. C _________ . 
dell, Fletcher. ____ - -
Prescott, Dr. Wm ___ _ 
I'urmort, Nath. _____ _ 
R t,Dr. IurtinN __ _ 
awyer, lienry E ___ 1 
onconL _____ - . 
W · t F.n6elrL __ . 
FranceRtown .• - . 
Great Fall . - • -
Concord __ - • - •. -
0 i,; ___ _______ _ 
ferrim ,;:t ____ _ 
Grnfton -------· 
llillt,horo11 h ___ _ 
,' tru{Tonl ------ -
hlcrrim;1ck ••• - - -
I 
W. long 
---
0 I 
73 00 
79 57 
52 XS 
97 00 
·73 36 
G4 07 
7!) 21 
73 36 
6! 25 
--
w. long. 
--
0 , 
6!) oo I 67 Ofi 
6!) 
:: I 70 (i7 f,h 
70 4 l 
70 J:, 
69 :15 
71 2 
71 4:1 
71 :1 I 
72 22 
71 '1.7 
I 
i I 211 
7} (1/j I 
i l 2!1 
72 110 
7 1 41i 
70 f1.!. 
71 20 
I~eight 
---
fleet. 
853 
57 
200 
10 
118 
95 
II-ight. 
---
Feel. 
]75 
100 
!)() 
800 
f,() 
784 
7 
300 
l 000 
5a5 
700 
:17 
56 
Name of observer. 
liss, George _________ B 
B 
B 
F 
11 
J 
liss, L. W •• - - - - - - - -
ucklund, David .----
a.irbanks, Franklin --
farsh, Charles •• __ ••. 
ackman, A . . ________ 
Paddock, James /\. •.• 
Parker, Jose!Jh .••••• -
Petty, McK __________ 
aeon, William ______ Th 
B 
B 
D 
ond, Prof. W. c _____ 
rooks, John ________ 
arling, L. A. _______ 
Davis, Rev. Emerson __ 
•Bis, D. H __________ E 
F 
I 
L 
M 
:p, 
·allon,John _________ 
Iolcomb, Amasa •••.. 
yons, Curtis J ___ . _ } 
aGee, Irving _____ 
1etcalf. Joo. G., M. D. 
Mitchell, Hon. Wm. __ 
Perkins, Dr. H. C. ____ 
Rice, Henry . ________ 
Rodman, :-amuel. ____ 
'argent, John s ____ .. 
chlcgcl, Albert . _____ 
.'haw, Francis ________ 
Smith, E L ·--------
nell, Prof. E. s ______ 
Tirrell, Dr. N. Quincy . 
Whitcorub, L. F ______ 
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VERMONT. 
Station. County. I N. lat. 
------
0 I 
Shelburn------- Chittenden ____ _ 44 23 
West Fairlee __ •• Orange. ___ . ____ 43 55 
Brandon------- Rutland . _______ 43 45 
St. Johnsbury _. - Caledonia ____ •• 44 25 
Woodstock . -- •. W indsor 
--- -- --
4~ 36 
Norwich • _ •••• - Windsor _______ 43 42 
Craftsbury •••••• Or leans ________ 44 40 
Rupert_ ___ • ____ Bennington. ___ • 43 15 
Burlington ____ . Chittenden . ____ 44 29 
MASSACHUSETTS. 
Richmond _____ . Berkshire ______ 42 23 
Cambridge. ____ . Middlesex w •••• _ 42 22 
Princeton ____ •. Worcester_. ___ . 42 28 
Bridgewater ___ . Plymouth ______ 42 00 
Westfield. ______ Hampden-----· 42 06 Canton _________ Norfolk _ •• __ • _ . 42 12 
Lawrence .•••••• E8sex __ ••• __ • _ . 42 42 
Southwick. ••• __ Hampden ______ 42 02 
W'illiamstown .• _ Berkshire .•• __ •• 42 43 
Mendon ________ WorceEter • ____ . 42 06 
Nantucket. _____ Nantucket 
-----
41 16 
Newburyport .•• Essex __________ 42 47 
North Attleboro'. Bristol _________ 41 59 
New Bedford. __ . Bristol _________ 41 3!) 
Worcester ______ Worcester ______ 42 16 
Taunton ·----- ·· Bristol . _. _____ . 41 49 
Plainfield .• ____ . Hampshire 
.. --- .. 
42 30 Boston . ________ Suffolk. __ • ____ . 42 22 
Amherst _______ Hampshire . ___ . 42 22 Weymouth _____ Norfolk ________ 42 10 Florida ________ Berkshire ••••• _ 42 42 
RHODE ISLAND. 
W . long. 
---
0 I 
73 00 
72 15 
73 00 
72 00 
72 35 
72 20 
72 30 
73 11 
73 11 
73 20 
71 07 
71 53 
71 00 
72 48 
71 08 
71 11 
72 IO 
73 13 
72 33 
70 06 
70 52 
71 22 
70 56 
71 48 
71 OD 
72 56 
71 03 
72 34: 
71 00 
73 10 
Cnswell, Prof . .A ______ I :Providence IP· 'd I 41 49 1 71 251 • - - - . rov1 ence .• _. _ 
CONNECTICUT. 
New _London - - - _ I New London 
Wallrngford ---- New Haven ----
Georgetown - - - _ I Fairfield . - - - -
Pomfret 1 • • - - - - - -Sa br -------- ; Windham _____ _ 
Y ?0k · - - - - -- Middbsex Norw1ch 1 ------Columbia · --- ---
1 
Ne_w London ___ _ 
41 21 
41 26 
41 15 
41 52 
41 18 
41 32 
41 42 
72 12 
72 50 
73 00 
72 23 
72 20 
72 03 
72 16 
-
Height. 
-
Peet. 
150 
540 
716 
1, 100 
750 
346 
1,190 
71 
1,113 
142 
90 
35 
265 
720 
30 
46 
175 
90 
536 
267 
150 
2,500 
-
120 
90 
133 
300 
596' 
10 
50 
· - - - - - - , Tolland _______ _ 
---..:._---__i_ __ _L___J_ _ _J__ 
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NEW YORK. 
Name of observer. Station. County. N. lat. W. long. IIeigbt. 
---
---
0 0 I Fed. 
Alba, Dr. E. M _______ .Angelica ______ • Alleghany . -··-- 42 15 78 01 1,500 
Arden, Thomas B. ____ Beverly _____ • __ Putnam _______ 41 2'2 72 12 180 
Bowman, John _______ Baldwinsville O __ Onondaga ____ •• 43 04 76 41 
Byram, Ephraim N ___ Sag Harbor _____ Suffolk ______ • __ 41 00 72 20 40 
Chickering, J. W _ ••• _ Ovid ___________ Seneca •• 
------
42 41 76 52 800 
Dayton, E . A------· - Madrid. ________ St. Lawrence ____ 41- 43 75 3:J 280 
Denning, William H __ Fishkill Landing. Dutchess .------ 41 34 74 l ' 42 
Dewey, Prof. Chester } Rochester ______ Monroe _______ . 43 08 77 51 516 Palmer, F. B ____ 
Fellows, Henry B _____ Sennett ________ Cayuga ____ • _ •• 43 00 76 55 
French, John R ______ Mexico ____ • ____ Oswego ________ 43 27 76 14 42:3 
Gorton, J. s __________ Westfarms ______ Westchester ____ 40 53 i4 01 150 
Greene, Prof. Dascom __ Troy ___________ Rensselaer __ • ___ 42 44- 73 :rn 58 
Guest, W. E. ________ Ogdensburgh ___ St. Lawrence ____ 41- 43 75 2G 
House, J. Carroll ______ Lowville_ 
------
Lewis _____ • __ • 4-3 46 7.i 3 
House, John o_ 
------
Waterford _____ Saratoga _______ 4-2 47 7:3 :rn 
Howell, 
R ___________ Nicholls ____ --r , Tioga ___ • ______ 42 00 76 32 
Ingalls, S. M;mhall. __ Pompey. ______ Onondaga ______ 42 56 76 05 1,745 
Johnson, E. W ______ ~ Can ton. ____ • _. _ St. Lawrence ____ 44- :JS 75 l.'i -~04: 
Landon, Annas ______ Eden __________ Erie _____ •••••• 42 ao 7!) Oi 700 
Lefferts, John ________ Lodi. _____ - - - - - Seneca ____ ••• __ 42 37 7G 5:J 1,000 
Malcolm, Wm. s _____ Oswego ________ Oswego ________ 4 :3 28 77 31 2:12 
Morehouse, A. W _____ Speneertown ___ Columbia .• ____ • 12 19 7,'{ ,Jl 00 
Morris, Prof. 0. W ____ New York ____ ._ New York ______ 40 43 71 05 l:'l!) 
Norton, J, H _________ Plainville _____ . Onondaga ______ 43 00 77 15 
Paine, H. N., M. D ___ • Olin ton ___ • ____ Oneida ________ . 4::! 00 75 20 500 
rcrnot, Prof Claudius_ Fordham .•••••• Westchester _. _. 40 /H 74 o:; 117 
Rcrd, Edwar.l o ______ Homer __ •••••• Oortlfmd _______ 42 :rn 76 ll 1,100 
.Reid, Peter .•• ___ • __ • Lake __________ Washington ____ 4:~ 15 73 3'' ., 
Riker, Walter H ______ Sara toga _______ Saratoga . _____ . 4:i OG 74 ()() UGO 
Sanger, Dr. W.W. ____ Blackwell's Isl'd. New York ______ 40 45 7;1 57 2!) 
Sartwell, Dr. H. p ____ Penn Yan ______ Yates---------- 42 ,i2 7i 11 710 
Shccrar, H. M __ ______ Wellsville • 
----
Alleghany ______ J2 07 78 OG 1,480 
Sias, Prof. Solomon ___ Fort Eu.ward ____ Washington __ .. 4:3 1:3 7H 4:l 
Smith, J. Metcalf_ ____ McGrawville - _ - _ Oortlan <l. ___ •• __ 42 :11 7(i 11 l, 450 
Spooner, Stillman ____ Wampsville. __ - - Macli1mn _______ _ 4a 01 7;, :,o f,(,0 
'l'aylor, Jos. w _______ Plattsburgh. ____ Clinton ___ •• _ - - 4-1 40 1:1 :w Ii6 
'l'itu~, Henry Wm ____ Bellport. _______ Suffolk. ________ 40 4-1 7i .ii 
'l'ourtellot, Dr. L . A __ Utica __________ Oneida _________ 4:i 07 7.i 15 !iOO 
Van Kleck, Rev. R. D_ Flatbush- ------
King-a __________ 40 :n 71 OJ !i ~ 
White, Aaron ________ Cazenovia ______ Madison_ • _ - ___ . 42 r,;; i5 Iii 1, 2ti0 
Williams, Dr. P. o ____ Watertown _____ J effct"Oll . ___ • __ j :$ ,,Ii 7:, ;,;, 
Wilson, Rev. W. D ____ Geneva ________ Ontario ________ 12 ri:i 77 112 51i7 
Wood ward, Lewis ____ West Concord ___ 1!:rie _______ --·- ,J:J ()() i!l 00 2,000 
Yale, Waltei' D. ______ House ville __ - - - Lewis_-------- 4 :J 40 75 ::2 
½aepffol, I ___________ West Monisania \Vm;tche tcr ---- 40 53 H 01 I.JO 
NEW ,JE • ~Y. 
ookc, Ilohcri L _____ _ 
,chmidt, Dr. E. lL __ _ 
· ·rgeant, John T ___ _ 
'impf!On, B fl' ______ l 
Willi·, . IL ____ f 
'\ hitehca<l, W. J... ___ _ 
Bloomfield.---- E.:ex - --------
Burlinrrlon _____ Bnrlington ----· 
,'ergcant·villc.-- Jfunt•nlon ----· 
Monmouth ..• - -
J? cwark __ •• - • - E. c. · - - • - - • - - -
40 .J, 1 71 JI 
0 00 ,., 12 
0 2. 'i'> ,rn 
0 15 i I .n 
0 -15 7l 
)2 
0 
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PENNSYLVANIA. 
Name of observer. Station. County. N. lat. 
~ ' 
0 I 
Brown, SamueL .••••. Bedford •••••••. Bedford • _ - __ ••. 40 01 
Baird, John H. -··--- Tarentum-----· Alleghany_._. __ 40 37 
Brickenstein, H. A •••. Nazareth _ _ •••. Northampton . __ 40 43 
Brugger, Samuel-·-·· Fleming_ •••• · •. Centre. ________ 40 55 
Coffin, Selden, J ••.•.. Easton •••••••• _ Northampton. __ 40 43 
Comly, John_ •.... _ .. Byberry. ______ Philadelphia ••• _ 40 06 
Darlington, Fenelon __ Pocopson • . • _ .. Chester . ___ • ___ 39 54 
Edwards, Joseph •••••. Chromedale • __ . De1aware. -----· 39 55 
Eggert, John .••••••. Berwick •••••••. Columbia. ____ •. 41 05 
Friel, P. _ ... _ .... __ . Shamokin ______ N orthnmbcrland. 40 45 
Hance, Ebenezer • _ ••. Morrisville ••••. Bucks .••••••••. 40 12 
Heisely, Dr. John ••.. r. Harr!sburg __ • _. Dauphin ------· 40 16 
Hickok, W. 0 ........ Harns burg ••••. Dauphin _______ 40 16 
Hoffer, Mary E •••.••. 
Jacobs, Rev M. ___ ... 
James, Prof. Charles S .. 
Kirkpatrick, Prof. J. A. 
Kohler, Edward •••••. 
Martin, William .••••. 
:Mowry, George .•••••. 
Halston, Rev. J. Grier. 
Schreiner, Francis •••. 
Smith, Prof. Wm ••••. 
Smyser, Rev. B. R .•.. 
Stewart, Thos. B. _ •• . 
Swift, Dr. Paul. _ ... __ 
Thickstun, T. F ·- •• - . 
Wilson, Prof. W. C .... 
Wilson, W.W .••.••.. 
VraYen, Thos. J ... _ } 
Porter, Mrs. E. D. 
Martin, R. A. ___ . _ • _ . 
Baer, Mis H. M. _ •• __ 
Cofrau, L. R. __ .... _. 
Goodman, ·wm. R .••. 
Hanshew, Henry E .• _. 
J,ownde~, Benj. O .•••. 
• layer, Prof. Alfred 
1'earce, James .A.., j r~:: 
,ta,~,T. G •••••••.. . 
Mount Joy _____ Lancaster • __ ••. 
Gettysburg .---· Adams .••• _ • _. _ 
Lewisburg . __ ••. Union--------· 
Philadelphia .•.. Philadelphia ___ _ 
North Whitehall Lehigh _________ 
Pittsburg ••••••. Alleghany. __ ••. 
Somerset ••••••• i::lomerset • _ ••••. 
Norris town __ • _ . Montgomery •••• 
Moss Gr0ve •. _ •. Crawford .•• ___ . 
Canonsburg .•••. Washington ••• . 
Pottsville •• _. _ .. SchuJ'lkill •• _. _. 
Murrysville .••• . W estrnoreland •. 
·West Haverford. Delaware. ______ 
Meadville ••• _ •• Crawford._ •• _._ 
Carlisle _. _ •• __ . Cumberland __ •. 
Pittsburg .• __ ._. Alleghany._. ___ 
DELAWARE. 
Newark • • • _ • _ . New Castle. ____ 
Milford ____ • _ • . Kent ___ •• _____ 
MARYLAND. 
Shellman Hills •. 
Oa.kland _ ··----
Annapolis • _ •• _. 
Frederick 
BladenRbur·g ~ ~:: 
Baltimore 
Chestertow·~ • • • -
Ridge •••••• :::: 
Carro 11 •. ______ . 
Alleghany .• ___ • 
Anne Arundel. __ 
Frederick • ____ _ 
Prince Georg·e. _. 
Baltimore _____ • 
Kent----·-----St. Mary's _____ _ 
40 08 
39 51 
40 58 
39 57 
40 40 
40 30 
40 02 
40 08 
41 40 
40 25 
40 41 
40 28 
40 00 
41 39 
40 12 
40 32 
39 38 
39 55 
39 23 
39 40 
38 58 
39 24 
38 57 
39 18 
39 14 
38 05 
W. long. 
0 I 
78 30 
79 19 
75 21 
77 53 
75 16 
74 58 
75 37 
75 25 
76 15 
76 31 
74 53 
76 50 
76 55 
76 70 
77 15 I 76 58 
75 
11 I 75 26 
80 00 . 
79 02 I 
75 19 
79 5t I 
80 07 
76 09 
79 35 
75 21 
80 11 I 
77 11 I 
80 02 
75 47 
75 27 
76 57 
79 00 
76 29 
77 18 
76 58 
76 37 
76 02 
76 18 
I 
' 
.-
Height. 
-
Feet. 
950 
780 
320 
218 
196 
588 
700 
30 
60 
250 
2, 180 
153 
936 
960 
1,088 
500 
1,026 
120 
25 
700 
20 
DIRTRIOT OF COLUMBIA. 
=:--:---i-1 --~=:~~--,---
m~ h ni n ln· titu. Wa . I I I I 30 
t10~ --~ shmgton --·- Washington--·· 38 53 77 01 __ • 
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Name of observer. 
.A strop, Col. R. F ____ 
Couch, SamueL ____ . _ 
Dickinson, George c __ 
Ellis, Col. D. H ·-----
Fauntleroy, H. H. ____ 
Fraser, James ________ 
Ilallowell, Benjamin __ 
Hoff, Josiah W _______ 
Hotchkiss, Jed _______ 
J 0hnson, Enoch D ____ 
Kendall, James E . ___ 
Kownslar, Miss Ellen_ 
Marvin, John w ______ 
Offutt, J. J.,M. D ____ 
Patton, Thomas, :M:. D 
Purdie, John R _______ 
Ruffin, Julian c ______ 
Ruffner, David L _____ 
Slaven, James ________ 
Upshaw, George W ___ 
Webster, Prof. N B --
Wells, J. Carson. ____ . 
Wickline, Thomas J _. 
Johnson, Dr. W. M • •• 
McDowell, Rev. A ____ 
McDowell, w. w --·· 
Moore, Geo. F., l\f. D. 
Morelle, Daniel _____ . 
Phillips, Rev. Jas., D. DI 
Cornish, John IL_. __ . 
Dawson, John L., M. D. 
. Fuller, B. N., M. D _ 1 
GI nnie, Rev. Alex'r __ 
,Johmion, Joseph, M. D 
Young, J. A., l\I. l) __ _ 
VIRGINIA. 
I 
Station. County. 
Crichton's Store_ Brunswick ______ 
Ashland ________ Putnam _______ 
Rougemont _____ Albemarle _____ 
Crack Whip ____ Hardy _________ 
Montrose _______ W estmorelancl __ 
Mm,tapha ______ Wood __________ 
Alexandria ____ . Alexandria • ____ 
Wirt C. ff ______ Wirt ___ • _______ 
Mossy Creek ___ . Augusta _______ 
Sisterville ______ Tyler __________ 
Charleston. _____ J 8fferson ___ •• __ 
Berryville ______ Clark----------
Winchester ... -- .. Frederick ~- ___ • 
Capon Bridge ___ Hampshire ___ .. 
Lewisburg ___ • __ Greenbrier ____ . 
Smithfield ______ li,le of Wight__. 
Ruthven _______ Prince George ___ 
Kanawha. __ • ___ Kanawha_.~_. __ 
Meadow Dale ___ Highland ------Rose Hill _______ Essex _ _ _______ 
Portsmouth ____ . Norfolk _______ 
Salem ....•••• - _ Roanoke _ •• ___ • 
Longwood •• _. - • Rockbridge _ •••• 
NORTH CAROLINA. 
·warrenton - - - •. Warr en __ . _ ••• _ 
Murfreesboro'_._ Hertford _______ 
Asheville ____ - _. Buncomhe ______ 
Ga ton __ .• ___ - . T ortbampton . - -
Goldsboro' . __ •. Wayne _________ 
Chapel Hill. - • - _ Ornuge _____ - - - . 
--
SOUTH CAROLI 
.Ai ken _______ - . 
Charlei;tcm _____ . 
Edibto fali.nd - - • 
Mount Ple tsant . 
Vvaec:amnn _____ _ 
Chn.rlPston . ____ _ 
C,L mdcn - - - - - - - -
N. lat. 
0 I 
36 40 
38 38 
38 05 
39 30 
38 07 
3!) 20 
38 48 
39 05 
38 20 
39 :H 
38 20 
;19 09 
3!) 15 
3!) lG 
38 00 
36 50 
37 21 
38 53 
:rn 23 
38 00 
36 50 
;j!) 20 
37 30 
36 30 
3/i :rn 
35 37 
:rn 32 
35 20 
35 51 
33 32 
:12 41i 
:12 :1 l 
32 17 
~:J -10 
:rn •Iii 
:n 17 
-------- - ~-------------~---
E H IA. 
Andcr ·on, JaR, 1. D _I Th, Tiock ------
Arnolcl, ;\Jr . . J. '1----·I Z,hu]on--------
Ea"t·r, Prof. John I) __ Athcn!i --- ----
Gib u, R. 'I'---------1 Whitcw·u hr 'd. 
n --------- :12 5:! 
:J Oi 
83., 
:1z 01 
W. long. 
0 I 
77 46 
81 57 
78 21 
78 31 
76 54-
81 41 
77 01 
81 26 
7!) 05 
80 56 
81 21 
7 00 
78 10 
7 2!) 
80 00 
76 4-1 
77 :~:J 
81 25 
7!l :15 
76 57 
76 l!I 
80 01 
7!l :n 
78 15 
77 or, 
82 2!) 
77 ~:, 
77 r, 1 
7!) 17 
1 34 
0 011 
80 I 
7!1 r,r, 
71 17 
o on 
0 :w 
59 
Height. 
FePt. 
500 
450 
1,750 
200 
56 
5-iO 
575 
2,000 
100 
250 
:11 
1,100 
800 
2,250 
r,r,., 
23 
20 
:IO 
27., 
.,o 
1 
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GEORGIA-Continued. 
Name of observer. Station. County. N. lat. 
0 , 
Glover, Eli S ••••• --- • Hillsboro' •••••• Jasper _ • _______ 33 13 
Haines, William •• - - - • Augusta.------ Bichmond . ___ . 33 20 
Pendleton, E. M., M. D. Sparta _ •. - • ___ . Hancock _______ 33 17 
Posey, John F ------- Savannah ______ Chatham _______ 32 05 
Reid, James M ••••••• Philomath. __ ._. Oglethorpe _____ 33 ,15 
Simpson, F. T ___ --- .. Factory Mills .•. Wilkes ___ . ____ . 33 40 
FLORIDA. 
Bailey, James B. _____ Gainesville ____ . Alachua _______ . 29 35 
Baldwin, A. G., M. D. Jacksonville _. _. Duval._ •• __ --- · 30 30 
Batchelder·, F. L. _____ Hibernia ____ • __ Dnval _ -------· 30 15 Dennis, Wm. 0 ______ Salt Ponds . _ •• __ Key West _____ . 24: 33 
l'ry, Joseph ••••••.. } 
Hester, Lieut. J. Pensacola __ • __ • Escambia _______ 30 20 
W., U.S. N ___ 
Ives, Edward R ______ Alligator----~-- Columbia . ______ 30 12 
Mauran, P. B., M. D .• St . .Aug-ustine. __ St. John's ______ 29 48 
Steele, Judge Aug ___ . Cedar Keys _____ Levy ____ •• - • - . 29 07 
Whitner, Benj. F •••.. Belair ______ • ___ Leon __________ 30 24 
ALABAMA. 
Alison, H. L, M. D ___ Carlowville _____ Dallas ______ ~ __ 32 10 Barker, 'l'homas M .... .Ashville _______ St. Clair ________ 33 52 Darby, Prof. John ____ Auburn ________ Macon _________ 32 37 
'l'utwiler, Henry ______ Greene Springs._ !]-reene ___ • _____ 32 50 Waller, Robert B. ____ Greensboro' . ____ Greene ____ .: ____ 32 40 
MISSISSIPPI. 
Lull, James s ________ c 1 b 
Elliott, Prof. J. Boyd .. Port Gibson _____ ! Claiborne _______ ! 31 50 
0 um us------ Lowndes_______ 33 30 
LOUISIANA. 
Barton Dr E H I N 
"K"I '. · · · ---- ew Orleans 1 
~tnck, A. R., M. D. Trinity ·--· 1 tn\\, Etlw,•.rd MD 'I· ·t ---------
'! y1or I.ewe B . · 1 nm y. - - •• - - .• 
' · ··---- New Orleans ••.. 
Orleans _______ _ 
Ohatahonla ____ . 
Chatahoula __ • _. 
Orleans _______ . 
29 57 
31 30 
31 37 
29 57 
W. long. 
- --
0 , 
83 45 
81 5-! 
83 09 
81 07 
83 15 
84: 46 
82 26 
82 00 
81 30 
81 48 
87 16 
82 37 
81 35 
83 02 
84 20 
87 15 
86 20 
85 3i 
87 46 
87 :H 
91 01 
88 29 
90 00 
91 46 
91 47 
90 00 
Height. 
-
Feet. 
566 
1,470 
550 
42 
---
1$4 
13 
15 
12 
17 4 
8 
1 
70 
30 
82 
35 
,__ 
100 
227 
108 
68 
-
METEOROLOGICAL OBSERVERS, 
TEXAS. 
Name of observer. Station. County. 
Brightman, John c_ i Goliad _________ Goliad. _______ _ Helena __ ~ ______ Karnes •• ___ • ___ 
Forke, J. L __________ New_ Wied ______ Comal _ •• _____ . 
Forke, A---------- } New Braumfels __ Comal ____ • • _ • . Friedrick, Otto_._ 
Gantt, Dr. Wm. H ___ _ Union Hill. _____ Washington ___ _ 
Jenniog3, S. K., M.D. } 
Van Nostrand, J __ 
Austin ___ __ ____ Travis ___ • __ : __ 
Rucker, B. H ________ Washing ton ____ Washington •• _. 
~ 
TENNESSEE. 
Bean, James B_ ------1 Walnut Grove __ _ 
Stewart, Prof. Wm. 1\L Glenwood _____ _ 
rfnck, W. J . , M. D ____ Memphis . _____ _ 
Greene _____ • __ . 
Montgomery. __ _ 
Shelby ____ __ __ _ 
Wright, Dr. Dan' 1 F _ _ Memphis. ____ ._ Shelby ._. __ • __ _ 
I 
KENTUCKY. 
Beatty, 0 . _____ ____ •• Danville. ______ Boyle __________ 
Ray, L. G., M. D. ____ Paris ••• - - •••• - Bourbon. ______ 
,avage, Rev. Geo. S . •• Millersbnrg _ ••• _ Bourbon. _____ _ 
Young, Mrs. Lawrence . Springdale •• - - . Jefferson • _. __ •• 
OIIIO. 
Abell, B. F. ________ _ Welchfield _ •••. Geauga ________ 
Allen, Prof Geo. N - --
Oberlin ____ ____ Loraine--------
Ammen, J_ __________ Ripley ___ ______ Brown. _______ _ 
Anthony, N cwt.on ___ . Mount Union ___ Stark _______ ••• 
Atkins, Rev. L. S ___ _ • Madison - ____ _ Lake ______ ----
Benner, J . .I!' ________ _ New Lisbon -·- · 'olumbinn,~ ____ 
B nnctt,, Henry ______ Collingwood --- - Lucas • • ••••••. 
Binkerd, J. S ________ Germantown ••.. :\Tontgomcry ••• -
Bot1worth, Prof. R. s __ College IHll ---- Jfamiltou __ • ___ 
Cunningham, Mi. s A __ Union ville •• ___ - Lake __ • _. _ •• _. 
Dayton, Lewis 1\L. ____ Lancaster •••••. Fairlidtl _______ 
ilmor,Mo. 9 ________ Jackson.---- - - .Jack ·on • ______ 
llannaford, Ebenezer .. Cheviot-- -- ____ H,~millon •• ·- --
lf, rpcr, George W __ • _ indnnnti _. - ••. 1In111ilton __ ----
JI ·rrick, James D •• _. _ J cfforHon __ • ____ .A h tah11lr • - - - • -
Ho1lenb ·ck, F. & D. IL Perrysburg _ ••• _ Wood •• --------
Ho] ton, ,J. G. Ji'., 1. D ½<1.n •svillc -----· 1\fu~kin '111ll __ --
Hurt, l•"nu1 ·is W .. __ .. 'incinnnti _ ---- Jlamiltou ·-----· 
Hyd , Gu ·tavus .;\. ____ Clcvclnnd • - - ••. l~uyaho a-----· 
Ingram, John, M. D. __ .'a.vanno.h ____ •• A hl. t11l. _ ••• - - -
Jum·., '. '---------- , 
Hill borou"h - • - Hi ,111 nil . 
Luther, . i\L ________ Hiram ___ _____ _ Portn, 
------·· 
N. lat. 
---
0 I 
28 30 
29 00 
29 42 
29 41 
30 30 
30 20 
30 26 
36 00 
3(; 28 
35 08 
35 08 
37 40 
38 lG 
38 20 
38 07 
41 23 
41 20 
:H3 47 
41 20 
41 -rn 
40 45 
41 .j!) 
:J!.l :rn 
:w I!) 
41 ~i 
:rn .H) 
:rn 10 
:rn 07 
:rn 
:1• 
:ir1 
1 20 
W. long 
---
0 I 
97 15 
97 56 
98 15 
98 15 
96 31 
97 46 
96 15 
82 53 
87 13 
!)O 00 
90 00 
84 :rn 
84 07 
84 20 
5 34 
81 12 
82 15 
8/1 :n 
8 1 OJ 
I 10 
() Ii 
8:i :n 
t 11 
81 2!; 
I on 
2 40 
:ii 
81 
't7 
on 
:n 
81 l" 
61 
Height. 
---
FieL 
50 
600 
540 
650 
1,350 
481 
2G2 
262 
---
95 
8 1 
80 
67 
0 
0 
1 
0 
1, 115 
800 
00 
GfiO 
GG6 
160 
70 
GG5 
G75 
02 METEOROLOGICAL , OBSERVERS. 
OHIO-Continued. 
Name of observer. I Station. ! County. 
Mathews, Joseph McD.1 Hillsborough. - - Highland ._ ••• _. 
McCarty, H. D. • • • • • • West Bed ford - • - Coshocton • _. __ • 
Peck, W. R., M. D •••• Bowling Green •• 
Wood __________ 
Poe, James H ••.• ____ Porl~mo_uth •••• - Scioto •• ______ •. 
Roger, A. p __________ Galhpohs __ ---- Gallia .. __ • ___ •. 
Sanford, Prof. S. N --- . Granville .• __ • • - Licking--------
Sanford, Smith •.•••• - Edinburg •. _____ Portage •• ______ 
Schenck, W. L , M. D. Franklin • __ . - •• Warr en ___ • ____ 
Shaw, Joseph ________ r Bellefontaine. __ Logan • ____ •••• 
Shaw, Joseph ---·---- Sidney _ • _____ . _ Shelby . ______ • _ 
Shields, Robert._ •. _ } 
Smith, John C .••• 
Bellecen tre _ •• __ Logan . __ • ___ •• 
Treat, tlamuel W ____ • Windham ______ Portage ____ • _ •• 
Ward, L. F ___ .• ____ . Medina • ___ • _ .. Medina ___ • __ • _ 
Williams, Prof. M. G __ Urbana ________ Champaign ___ • _ 
MIUHIGAN. 
Allen, James • _ •.•• _. 1 Port Huron ___ .. St. Clair _____ • __ 
Andrews,Seth L., M.D. Romeo _________ Macomb _______ _ 
Campbell, Wm.M.,M.D. Battle Creek •••. Calhoun _______ _ 
Crosby, J. B _________ , New Buffalo ••••. Berrien ________ _ 
Currier, Alfred O. - • • . Grand Rapids _ _ _ Kent __________ _ 
Streng, L. H _________ Grand Rapids ___ Kent ________ __ _ 
Walker, Mrs.OctaviaC . Cooper. •.• _____ Kalamaz:io _____ _ 
Whelpley, Miss H ---- Monroe _______ _ Monroe _______ _ 
White, Peter _________ Marquette ••••• . Marquette _____ _ 
Whittlesey, Chas. S ••• Copper Falls ____ Houghton _____ _ 
Winchell, Prof. A •••• Ann Arbor •••••. Washtenaw. ___ _ 
Woodruff, Lum------ Ann Arbor ••••• • Washtenaw ____ _ 
INDIANA. 
Barnes, C ____________ New Albany ___ . Floyd . ___ • ____ • 
Chap{X'll mith, John •• 
Cri p, John F ________ New Harmony __ Posey_ _ _ _ _ _ _ ___ Evansville _____ . Vanderburgh. ___ La.-;sdle, Charles B •• _. Logansport_ _ ___ Cass ___________ Moore, Joseph . ______ Richmond Wayne _________ 
Stnith, Hamilton Cannelton - • • - • • 
Woodard, C. S .• ::::: Michigan Cit;::: 
Perry. __ • ______ 
La Porte. ______ . 
ILLINOIS. · 
'U.'\ CQt;k, Andrew J I A B ock E ·-- ~rora _____ ---- Kane __ _ 
' • - - - • Rile - • • - - - -&k r, .lirnnk · ·-- - Y - - -- -- -- -- McHenry 
,,_ ---- South P • ··----
·'-"' man Dr Ea··-- ass •••• _, Union 
' · · \ Edgin to - - • • • • - - • -r n cl, Frnll'k , .. •0-- p . g n ------ Rock I sland D d '.w.. eona -----
re e, WiW"m'" · B. ·-·------- Peoria 
... ' -- nghton ·:··------
- ··---- Macoupin. _____ _ 
N . lat. 
0 I 
39 13 
40 18 
41 27 
38 50 
39 00 
40 03 
41 20 
ii9 30 
40 21 
40 21 
40 28 
41 10 
41 07 
40 06 
42 53 
42 44: 
42 20 
41 45 
43 00 
43 00 
42 40 
41 56 
46 32 
47 25 
42 ]6 
42 16 
38 17 
38 08 
38 08 
40 45 
39 47 
37 58 
41 41 
41 40 
42 08 
37 2£ 
41 25 
40 36 
39 00 
W. long 
0 I 
83 30 
82 01 
83 45 
82 49 
82 01 
82 34 
81 00 
84 10 
83 40 
84 11 
83 45 
81 05 
81 47 
83 43 
82 24 
83 00 
85 10 
86 46 
86 00 
86 00 
85 31 
83 22 
87 4-1 
88 16 
83 44 
83 3(1 
85 45 
87 50 
87 29 
86 13 
84 47 
86 40 
86 53 
88 15 
88 33 
89 14 
90 4-6 
89 30 
90 13 
Height. 
-
Fe,et,. 
1,000 
876 
700 
468 
520 
995 
520 
1,031 
1,170 
1,206 
1,015 
606 
730 
750 
600 
752 
85i 
590 
630 
1,230 
w 
850 
320 
3~0 
600 
suo 
450 
6t2 
600 
650 
METEOROLOGICAL OBSERVERS. 
ILLINOIS-Continued. 
Name of observer. Station. County. N. lat. W. long. 
0 I 0 I 
Grant, John ________ . Manchester _____ Scott. __ • ______ . 39 33 90 31 Hall, JoeL __________ Athens _________ Menard ________ 39 52 8!) 56 
Harris, J. O.,M. D ••• Ottawa _________ La Salle _ •• _____ 4-1 20 88 4-7 
Hiscox, G. D ________ Chicago •• _____ • Cook ___________ 4-1 53 87 41 
James, Anna _________ Upper Alton ____ Madison __ . _____ 39 00 8!) 36 
Jenkins, J. L. __ 
--- .. 
Granville. ______ Putnam ________ 4-1 14 89 21 
Mead, S. B, M. D ____ Augusta ________ Hancock ________ 4-0 12 8\1 45 
Mead , Thompson. ____ Batavia ____ . ___ . Kane ____ . _. ___ • 4.1 52 88 20 
Riblet, J. H _________ Pekin ______ • __ . Tazewell _______ 4.0 36 89 45 
Rogers, 0. P __ • _____ . Marengo _______ . McHenry ______ _ 4-2 14 8 3 
Smith, Isaac H ______ . Fremont Centre _ Lake _________ • _ 42 18 88 06 
Swain, John, M. D ___ West Urbana ____ Champaign ___ • _ 4-0 09 88 17 
Titze, Henry A _____ ._ West Salem _____ Edwards ______ _ 38 30 88 00 
Wallace, Samuel Jacob. Carthage. _____ . Hancock _______ 4-0 23 90 17 
Whitaker, Benjamin __ Warsaw ________ Hancock _______ 40 20 91 31 
I 
MISSOURI. 
WIBli,enus, A., M. D. I St. Louis . ..... · I St. Lou fa ••• ••• -I 38 371 90 1G I 
IOWA. 
I Beal, Dexter _______ t F kl' 
Beal, Willard w __ j ran m. ------
Beeman, Carlisle D _ _ _ Rossville ___ - - - • 
Buchanan __ --- -1 
Allamakee ____ ._ 
Fory, John c ________ , Bellevue _______ _ 
Gos, William K ______ Border Plains ___ _ 
i[obart, EdwMd F . __ . Maquoketa __ • _. 
Horr, Asa, M. D . _____ Dubuque . _____ _ 
McConnell, Townsend. Pleasant Pfain •. _ 
Mccready, Daniel _ _ _ _ Fort Madison ___ • 
Parker, Nathan H --- - Clinton ____ ----
Parvin, 'l'. s _________ Muscatine _____ _ 
llcynolds, w _________ Iowa City ______ _ 
Saville, Dr. J J ______ Sioux City--- ---
haffor, J.M., M.D ___ Fairfield .. ______ _ 
'mith, Prof, B. Wilson Mount Vernon __ _ 
Jackson • _ _ _ _ __ _ 
Webster-------· 
Jackson ____ ----
Dulmque. ---- --
J effernon ___ - - - - -
Lee ______ ------
Clinton •• . ------
Muscatine------
John on.- _____ _ 
Woocluury _____ _ 
J •fforon _ ------Linn .••. ______ _ 
WI C 
D·an, Prof. '. A. ___ i 
'lye, L. C., M. D_ f 
Br>cd, J. Everett_ ___ _ 
handl ·r, Marin 1'. W. 
Uurh:un, \V. ,J. _____ _ 
I:.liiH, Etlwin ________ . 
'ri!llcy, ltcv. John. __ 
llillicr, 'penc ·r L. ___ _ 
lliruo, Jol.u E, _____ _ 
\ 
Waukc·bn. ______ Wauk• h1\. ____ _ 
New London---· Wn11pac ·i -----· 
!<'all of.'t. Croilc. l'olk. ----------
Rn.cin, ------·-- Im -in·--------· 
Bay City------· L,L Pointe------
Kcr101-ha _______ l"cno.11 i -------
Pr•.·cott ____ ---- l'i ·rec ---------
N orw y _. __ - _.. U Lcinc - - - - •• - -
4-2 4-5 
43 10 
4 2 15 
4-2 3G 
42 01 
42 30 
41 07 
40 37 
41 1 
41 tll 
41 :rn 
42 :.H 
41 0 l 
42 00 
.J2 r,o 
4 :H 
3U 
87 lG 
!) 1 21 
!)0 25 
!l4 05 
!JO .J L 
!10 52 
!)l !ii 
!l l 2 
!JO };j 
!) 1 0:, 
!ll :ia 
!Hi :!5 
!J l :,7 ( J 00 
C3 
Height. 
Fut. 
683 
500 
GOO 
200 
636 
650 
736 
550 
4Gl 
1, •JOO 
11 25 
5 (j 
!)JO 
33 
litiO 
6! METEOROLOGICAL OBSERVERS. 
WISCONSIN-Continued. 
Name of observer. Station. County. N. lat. 
l 
0 I 
Lapham, Increase A. _. Milwaukie •• ___ . Milwaukie. 43 03 
Liips, Jacob ·-------- Manitowoc . ___ . Manitowoc _____ 44 07 
Mason, Prof. R. Z .•••. Appleton._. ___ . Outagamie. __ • __ 44 10 
Pickard, J. L., M. D •• Platteville. ____ . Grant __________ 42 45 
Pomeroy, F. C. ------ Milwaukie. _____ Milvrnukie. _. __ • 43 04 
Porter, Prof Wm, ___ _ Beloit .• _ ••••• __ Rock: _ •••• _ •• __ 42 30 
Schue, A., M. D •••••. Madison._ •••• ·• - Dane __ • • ••• ___ 43 05 
Sterling, Prof. ,J. W. __ Madison._. _ •••. Dane ••• • _ • _ • __ 43 05 
Struthers, R. H. __ •••. Lind._ ••• -- - •• - Waupacca ___ ___ 44 20 
Underwood, Col. D .• _. Menasha . ___ • _. Winnebago •• •• _ 44 13 
Winkler, C., M. D .... Milwaukie. __ • __ Milwaukie .• ___ . 43 04 
Willard, J. F ..... ____ Janesville ______ Ro Gk •••• _____ . 42 42 
MINNESOTA. 
Garrison, 0. E . _ ••• __ Princeton •••• __ Benton ________ 45 50 
Hillier, Spencer L _. __ Wabashaw ______ Wabashaw. _____ 44 30 
Odell, Rev. Benj. F ___ Lake Winnibi-
-------·------- ~ 
47 30 
goshish. 
Riggs, S. R. Hazlewood 
-------· --------
45 
Walsh, Stephen .• _ •• _ Buchanan ___ • __ __ .. ____________ 47 33 Wright, E. M. ________ Li,pham •••• ____ Pembina ______ _ 46 10 
NEBRASKA. 
Byers, Wm. N ---- ---- Omaha •••• ----1 Douglas__ ______ 41 15 
Hamilton, William ••.. Bellevue _______ Supy __________ 41 08 
I 
KANSAS. 
Brown. G. W. ---- --- • Lawrence. - --- - -
Fish, Edmund . - - - - - - - Council City - • - -
~?<>dnow, I aac T. - - - - Manhattan _ •·• __ 
.. imoe, S 0.' M. D. - - Mapleton 
.,lcCart H D - - - - - - -
Y, · ---- - -- , Leavenworth City 
Douglas •••• ___ _ 
Shawnee ______ _ 
Riley _ •• ______ _ 
Bourbon __ •• __ _ 
Leavenworth __ _ 
UTAH. 
-
:Pl elps, ll ·nry E. - -- - - Great l::lalt Lake 
------·-···-----City. I 
-
38 58 
38 42 
39 13 
38 04 
39 20 
40 45 
W. long. 
0 I 
87 57 
87 37 
88 35 
91 00 
87 59 
89 04 
89 25 
89 25 
89 00 
88 18 
87 57 
89 91 
93 45 
92 15 
94 40 
95 3() 
92 00 
96 00 
96 10 
95 50 
95 12 
95 50 
96 4-5 
94 51 
94 33 
111 26 
-
Height, 
-
Fee1,, 
593 
800 
658 
750 
892 
892 
593 
768 
850 
850 
800 
1,342 
4-, 250 
METEOROLOGICAL OBSERVERS. 65 
CALIFORNIA. 
Name of observer. Station. County. N. lat. W. long. Height. 
--------1------- ------- --- ------
0 0 Fut,. 
Ayres, W. 0., M. D,.-- San Francisco. __ San Francisco. __ 37 48 122 23 115 
Belcher, W. C •. _ • ____ Marysville ______ Yuba __________ 39 12 121 42 
Logan, Thos. M., M.D. Sacramento_. ___ Sacramento _____ 38 35 121 40 4!) 
GUATEMALA. 
CANUDUS, ANTONIO COLLEGE. 
SOUTH AMERICA. 
Name of Observer. Station. Lat. I Lon. Height. 
0 I I 0 , Fut. 
Fendler, .A_ ____________ Colonia Tovar, Venezuela ___ • ___ 10 26 67 20 6,500 
Geological Surveyors_ •• _ Port of Spain, Trinidad. - - - - - - - - 10 39 61 34: Iii 
Hering, C. J. __________ Plantation, Catharina Sophia, 
Colony of Sminam, Dutch Gui-
56 4:7 ana. _______________________ 5 48 
Uricoschea., Dr. E. _____ • Bogota, New Granada._ - - - - - - - .. 4 36 74 14 8,863 
BERMUDA. 
Arnoid,James B.~------ Shelby BaY--------------------1 32 28 64 32 1 
Royal Gazette_ ••• ___ •• - • - - - - - - - - - - - - - - - - - - - - - - - - • - • - -
AZORES. 
Dabn y, S. w ___ ------- / Honta, Fayal Island------ - --- --1 3 30 I 28 • 2 i 0 
6 s 
66 REPORTS OF COMMITTEES. 
REPORT OF THE EXECUTIVE COMMITTEE. 
The Executive Committee respectfully submit to the Board of Re-
gents the following report of the receipts and expenditures of the 
Smithsonian Institution during the year l857, with estimates for the 
year 1858: 
RECEIPTS. 
The whole amount of Smithson's bequest deposited in 
the treasury of the United States is $515,169, from 
which an annual income, at 6 per cent., is derived, of 
Extra fund from unexpended income invested as 
follows: 
In $75,000 Indiana 5 per cent. bonds, 
yielding......................................... $3,750 00 
In .$53_,000 Virginia 6 per ,cent. bonds, 
y1eld1ng .............................. , ......... . 
In $7,000 Tennessee 6 per cent. bonds, 
yielding ........................ : ................... . 
3,210 00 
420 00 
In. $500 Georgia 6 per cent. bonds, yield-
ing ............................................... . 
In $100 Washington 6 per cent. bonds 
. ld' ' y1e 1ng ......................... ............... . 
30 00 
6 00 
Balance,.in hands of Treasurer J anu-
ary 1, 1857 ..................... .......................... .. 
$30,910 14 
7,416 00 
--
38,326 14 
7,164 32 
---Total receipts................................................. $45,490 46 
GENER.AL STATEMENT OF EXPENDITURES. 
For ~uilding, furniture, and fixtures ........ 
. For items common to the different objects 
of the Institution ;or ~ublications, r~~e·~;~h~~,· ~;d· i~~t~~·~;: 
or library' museum, and gallery of art .. 
$4,062 65 
13,035 18 
11,051 52 
6,999 81 
Bai~~~e i~ th0. hands of the Treasurer January 1, 
'of which $5,000 belongs to the extra fund. 
::;::::::::::: 
$35,149 16 
----
10 341 so 
'= 
REPORTS OF COMMITTEES. 
Statement in detail of the expenditures during 1857 : 
BUILDING, FURNITURE, FIXTURES, ETC. 
Repairs, &c., incident to building ......... . 
Furniture and fixtures for uses in common. 
Furniture and fixtures for library ......... . 
Furniture and fixtures for museum ........ . 
Magnetic observatory .......................... . 
Grounds ........................................... . 
GENERAL EXPENSES. 
Meetings of Board and Committees ........ . 
Lighting and heating .......................... . 
Postage ............................................. . 
Transportation and exchange ............... . 
Stationery ........................................ . 
General printing ............................... .. 
Apparatus ......... , ............................... . 
Laboratory ...................................... , . 
Salary of the Secretary ....................... . 
Chief clerk ..................... . 
Book-keeper .................... . 
Janitor .......................... . 
Watchmen ..................... . 
Laborers ..•...•.................. 
Messenger ...................... . 
Extra clerk hire ................................ . 
Incidentals, general. .......................... .. 
$3,305 12 
373 61 
163 50 
150 80 
49 62 
20 00 
$281 00 
1,244 33 
524 02 
2,264 74 
347 94 
236 50 
191 66 
341 38 
3,499 92 
1,200 00 
200 0 
400 97 
534 65 
794 00 
12 00 
222 00 
624 07 
PUBLICATIONS, RESEARCHES, AND LECT R . 
Smithsonian Contributions .................. .. 
Reports on progress of knowledge ........... . 
Other publications ............................ . 
1Ieteorology......... . . . . .. . .. . .................. · 
Investigations, computations, and re-
searches ................................... ······ 
Pay of lecturers ................ · ........ ········· 
Incidentals to lectures ........................ . 
6,23 2 
· -12 00 
4!J uo 
2,4(;5 24 
LIBRARY, MUSEUM, A D ALLERY 01: A11T. 
o t of books ...................... ··············· 
y of a i tant ................................ . 
Tran portati n for library ............ · .. · .. · .. 
Iuseum-salary ................ , ·, · · · .. · · · .... · · 
67 
$4,062 65 
13,035 18 
11, :-'] 5 
68 REPORTS OF COMMITTEES. 
Explorations ..................................... . 
Collections ............... · .. · · · · · · · .... · · · · · .. · · · · 
Alcohol, jars, and museum incidental .... . 
Transportation for museum .................. . 
Assistance and labor in museum ........... . 
57 52 
49 78 
445 7'7 
450 00 
500 00 
82 87 Gallery of art ................................... . 
$6,999 81 
Total expenditure.,................................ ......... $35 ,149 16 
The estimated income for the year 1857 wa 38,290 14, exclusive 
of the balance in the bands of th Trea urer ; the actual income ex-
clusive of this balance was $38,326 14. 
The estimated expenditure amounted to 4,000, the actual ex-
penditure to $35,149 16. The exce s i due to unexpected repairs, 
necessary to the building in consequen e of a very severe hail 
storm, which broke several thousand pane of glass, and otherwise 
injured the edifice; and to the payment of the la t unsettled account 
contracted by the architect for the gas pipe and fixtures. 
The expenditures, however, are less than the income for the year, 
leaving a total balance now in the hand of the Trea urer of $10,34130. 
"- Of this sum, $5,000 are the remainder of the extra fund, ($125,000,) 
· intended to be permanently invested, and the whole is at present re-
quired for carrying on the operation of the Institution, until the 
receipt of the next semi-annual income. 
During the past year, the stocks purchased by the Institution tem-
porarily declined _in commercial value, but they are now selling at 
; a?out the same prices as those at which they were bought. Fluctu~-
. tions, however, of this character do not affect the income of the lnsti-
. tntion, since ~he amount of interest continues permanently the same. 
T~e committee r~spectfully submit the following estimate of the 
,,receipts and expenditures for the year 1858 : 
Receipts. 
~Balance i~_the h~nds of the Treasurer January 1, 1858, 
(exclusive of $0,000 belonging to the extra fund) .... .. 
-Interest on the original fund for 1858 ....... ,. ............. . . 
... Interest on the extra fund invested in State stocks ....... .. 
EX'J)enditures. 
BUILDING, FURNITURE AND FIXTURES ETC. 
: Repairs and incidentals $ ' 
, FurQ.iture and fixtures i~-~~~~~~-... ......... 1,500 00 
~, " ............. 500 00 
" " !or library.............. 150 00 
~ '" . ,or museum 150 00 
· .aa.agnetic observator · .. · · · · · · .. · y.............................. 50 00 
$5,341 30 
30,910 14 
7,416 00 
--$43,667 44 
= 
$2,350 oo 
REPORTS OF COMMITTEES. 
GENERAL EXPENSES. 
Meetings of Board and committees ........... . 
Lighting and heating ............................ . 
Postage .............................................. . 
Transportation and exchange .................. . 
Stationery ..................... , .....................• 
General printing .................................. . 
Apparatus ........................................... . 
Laboratory ......................................... .. 
Incidentals, general .............................. . 
Salaries.-Secretary .............................. . 
Chief clerk ; ........................... . 
Book-keeper ......................... .. 
Janitor ................................. . 
Watchman ............................ . 
Laborers ............................. . 
Extra clerk hire ... .................. . 
$300 00 
600 00 
500 00 
2,500 00 
350 00 
350 00 
250 00 
400 00 
650 00 
3,500 00 
1,400 00 
200 00 
400 00 
500 00 
800 00 
300 00 
PUBLICATIONS, RESEARCHES AND LECTURES. 
Smithsonian Contributions to Knowledge ... 
Reports ..............•.........•...................... 
Other publications ................................ . 
Meteorology ........................................ . 
Investigations, computations, and researches 
Lectures ...................................... .......• 
$6,500 00 
1,500 00 
1,000 00 
3,000 00 
250 00 
1,000 00 
LIBRARY, MUSEUM AND GALLERY OF ART. 
Cost of books ....... .......•......................... 
Pay of assistants in library ..................... . 
Transportation for library ...................... . 
Incidentals for library ......................... ··· 
M usuum-salary ..... . ....................... , .... .. 
Explorations ....................................... . 
Collections ..................................... ~ ... .. 
Incidentals, museum, jars, alcohol, &c ..... .. 
Transportation, museum .. , ............. ······•·· 
A' ss1stants and labor, museum ................. • 
Gallery of art ........•.............................. 
$3,000 00 
1,200 00 
400 00 
150 00 
2,000 00 
50 00 
50 00 
300 00 
550 00 
600 00 
100 00 
69 
$13,000 00 
13,250 00 
8,400 00 
$37,000 00 
It is impossible to make a very definite estimate of the expendi-
tures on account of the museum, during the year 1858, because the 
70 REPORTS OF COMMITTEES. 
collection at the Patent Office is to be tra~ ferred to the keepino of 
the Institution, and the amount of e~ p n 1tur under this head ~ill 
depend upon the appropria~ion mad by C ngr f r this purpose. 
In conclusion, the committee report that they have examined the 
books, and each account for the int t y ar, eparately, and find them 
all correct. 
Respectfully submitted. 
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REPORT OF THE BUILDING COMMITTEE. 
The building of the Smithsonian Institution having been completed, 
the special object of the Building Corpmittee for which it was origlnally 
appointed, might be considered accomplished, and therefore an annual 
report no longer necessary ; but as a large portion of the edifice re-
mained unfiniRhed, and since repairs are required which will probably 
be very expensive, it is thought proper that the committee should be 
continued. 
At the last session of Congress an appropriation of fifteen thousand 
dollal's was made for cases for the accommodation of the collections 
belonging to government. These are now finished and form a beauti-
ful addition to the large hall, and are apparently well adapted to the 
purpose for which they are intended. With strict economy the appro-
priation of Congress has been found sufficient to provide accommoda-
tions for the present reception of the articles., though in the course of 
time additional cases will be required. 
The west wing of the building, devoted to the library, has been 
furnished with alcoves and a gallery extending around three sides of 
the large room. This arrangement, which will serve very much to 
increase the accommodation and security of the books, produces a 
very pleasing architectural effect. 
The large cisterns in the grounds near the building, which were 
directed to be arched over at the last session of the Board, have been 
properly secured, and one of them converted into an ice-house. 
The balance of a bill for gas fixtures, which had been contr~cted by 
the architect and which remained unsettled, on account of a disagree-
ment as to c~rtain charges, has been :finally paid, after a reduction of 
$352 99. 
The peculiar style of architecture of the building, and the lar_ge 
amount of surface it exposes to the weather, renders_ constant repairs 
necessary. During the past year almost the whole time of two work-
men has been occupied in this service. 
Respectfully submitted: 
RICHARD RUSH, 
WM. H. ENGLISH, 
JOSEPH HENRY, 
Building Committee. 
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JOURNAL OF PROCEED! G 
OF TUB 
BOARD O F REG 1 NT 
OF 
THE SMITHSONI AN INSTITUTION . 
MONDAY, MARCH 16, 1851. 
A meeting of the Board of Regents was held this day at 11 o' clock 
a. m. 
Present: Hon. R. B. Taney, Chancellor, Hon. John C. Breckin-
ridge, James M. Mason, S. A. Douglas, Gen. Jos. G. Totten, Prof. 
A. D. Bache, Wm. B. Magruder, and the Secretary. 
The minutes of the last meeting were read arnl approved. 
The Chancellor, Chief Justice Taney, then presented the following 
communication : 
W ASHINGTON, March 16, 1857. 
GENTLEMEN: When the Board of Regents was originally organized 
it was deemed proper that the Vice President of the United States for 
the time being should be elected as the Chancellor. 'l,he Institution 
exists under the authority of Congress, and they have made certai~ 
officers of the government ex officio Regents. The Vice President 18 
the highest in rank of the officers thus desio-nated · and it would seem 
t:> ' 
t? be peculiarly proper that the one who presides over the delibera-
tions of one branch of the national legislature should also preside over 
the deliberations ofa scientific institution which the nation has brought 
into existence and fosters. 
_Unfortunate events have for some t ime past left the government 
'Wlth0ut a Vice President elected by the people. And when that office 
was vacant the Regents conferred on me the office which had al ways 
before been filled by the Vice President. And when I accepted it I 
regarded the a · t the 
. ppom ment as a temporary one. The reason for 
appointment h h . t 
as now appily ceased, and I desire to give the Regen 8 
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an opportunity of restoring the original plan of organization, in which 
I fully concurred when it was adopted. 
I therefore resign the office of Chancellor of the Institution, and at 
the same time return my thanks for the honor which the Regents 
bestowed upon me in electing me to that office. 
But my resignation will not lessen the interest I feel in the Insti-
tution. On the contrary, every year's experience has more and more 
convinced me of its usefulness and efficiency in promoting the objects 
of its founder, and I shall al ways be ready to offer my humble aid if 
I can be useful in advancing its prosperity and success. 
I have the honor to be, with the highest respect, your obedient 
servant, 
R. B. TANEY. 
To the REGENTS OF THE SMITHSONIAN INSTITUTION. 
Mr. Breckinridge, Vice President of the United States, moved that 
the present Chancellor, Chief Justice 'raney, be re-elected to that 
office, expressing his unwillingness to assume the position which had 
been so long and so ably filled by its present occupant. 
The motion was adopted unanimously, whereupon Judge Taney 
remarked that he was anxious to serve the Institution to the best of 
his ability, and he could not decline this expression of the confidence 
of the Board if they insisted on his retaining the office of Chancellor. 
The Secretary announced that, by joint resolution of the Senate and 
House of Representatives, Hon. Richard Rush, of Pennsylvania, and 
Gen. Joseph G. Totten, of the city of Washington, had been re-elected 
Regents for six years; also that the President of the Senate had re-
appointed Hon. James A. Pearce and Hon. James M. Mason, Regents 
for the same period of time. 
The Secretary announced to the Board that, since its last meeting, 
three distinguished men of science, correspondents of the Institution, 
had deceased, namely: Prof. J. W. BAILEY, Dr. E. K. KANE, and 
Mr. W. 0. REDFIELD.-
On this announcement Prof. Bache offered a series of appropriate 
remarks, referring to their eminent services in the promotion of 
science. 
Gen. Totten offered the following resolutions, which were adopted: 
Resolved, That the Regents of the Smithsonian Institution have 
heard with regret the announcement of the death of Prof. JACOB W. 
BAILEY, whose communications to the Smithsonian Contributions have 
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attracted the notice and won the approve l of naturalists throughout 
the world. 
Resolved, That the Regents offer to the family of Prof. Bailey their 
condolence on the loss which they have su tained . 
Mr. Douglas offered the following res luti n , which were adopted: 
Resolved, That the Regents of the ~mith onian Institution, in 
common with the whole country, have heard with deep regret of the 
death of one of their esteBmed collaborator·, Dr. 1 • K. KANE, to whom 
was committed by this Institution a et of phil ophical instruments 
for the purpose of research in the polar re 0 i n , which he used , and 
carefully returned at the hazard of hi life, with a series of obser-
vations of great value to science. 
Resolved, That the Regents offer to the family of Dr. Kane their 
condolence on the loss which they have sustained. 
Prof. Bache offered the following resolution, which was adopted: 
Resolved, That the Regents of the Smithsonian Institution have 
heard with regret of the decease of their valued correspondent, vVr11rAM 
0. REDFIELD, of New York, whose labors in meteorology have ren-
dered his name familiar to men of science in every part of the civiljzed 
world, and offer to his family their condolence on the loss which 
they have sustained. 
A communication from Dr. Robert Hare was read, relative to the 
practical construction of minute weights and measures. 
On motion of Dr. Magruder, the following resolutions were adopted: 
Resolved, That a copy of the communication of Dr. Hare be trans-
mitted to the Secretary of the Treasury, with the recommendation of 
the Board of Regents that the instrument offered by Dr . Hare be 
received by the government, and placed in the Office of Weights and 
Measures. 
Resolved, That the communication of Dr. Hare be inserted in the 
appendix to the report of the Regents to Congress. 
A communication from J. A. Johnson, esq., of Maryland, relative 
to an "International Geographic and Scientific Commission" was 
read and referred to the Executive Committee and the Secretary· 
~he Secretary made a communication to the Board relative to an 
article which had been published by Prof. S. F. B. M~rse, containing 
charges against his moral character and his scientific reputation. 
The Chancellor made a few remarks confirmino- Prof Henry's 
statement as to th d . h . '. . o . . k 
0 . ea vice e had given him respectmg this attac · n motion of Mr Ma th 1! • • t d · R l · son, e 1ollowmg resolut10n was adop e · 
eso ved, That th · · ny-
e commumcation of the Secretary and accornpa 
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ing documents be referred to a committee, to examine and report upon 
it at the next session of tihe Board of Regents. 
Whereupon the Chancellor appointed Messrs. Mason, Pearce, Felton, 
and Douglas as the committee. 
The Board then adjourned sine die. 
WASHINGTON, January 20, 1858. 
In accordance with a resolution of the Board of Regents of the 
Smithsonian Institution, fixing the time of the beginning of their 
annual meeting on the third Wednesday of January of each year, the 
Board met this day in the Regents' room. 
No quorum being present, the Board adjourned to meet on Thurs-
day, January 28, 1858. 
THURSDAY, JANUARY 28, 1858. 
A meeting of the Board of Regents was held this day at 10 a. m., 
in the Smithsonian Institution. 
Present: Hon. John C. Breckinridge, Vice President of the United 
States, Hon. J. M. Mason) Hon. S. A. Douglas, Hon. Geoq~e E. 
Badger) Prof. A. D. Bache, Prof. C. C. Felton) Mr. Seaton, Treasurer, 
and the Secretary. 
In the absence of the Chancellor thA Vice President was called to 
the chair. 
The minutes of the last meeting were read and approved. 
The Secretary stated that, since the last meeting of the Board, the 
Speaker of the House of Representatives had appointed Hon. William 
H. English, of Indiana, Hon. Benjamin Stanton, of Ohio, and Hon. 
L. J. Gartrell, of Georgia, as Regents for the term of their service as 
mem hers of the House. 
The Treasurer presented a statement of the receipts and expendi-
tures during the year 1857) and also a general statement of the funds; 
which were referred to the Executive Committee. 
The following communication was presented: 
W ASIIINGTON, January 23, 1858. 
GENTLEMEN : The undersigned offers for sale, and respectfully ug-
gests to your honorable Board the propriety of purchaRing , the gallery 
of Indian portraits now and for some years past, in the Smithsonian 
Institution. ' 
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He proposes to sell the whole collection d cribe in the catalogue 
published by the Institution, one hundre an fifty-two in number, 
for the sum of twelve thousand dollar - ne-third of the same cash 
and the remainder at two equal annual in t lment ; or, if it should 
be preferred, one-fourth down and the re idue in three equal annual 
instalments. 
The undersigned commenced his labor in thi work in 1842, and 
devoted the best years of his li fe in tr velling through the region of 
our country peopled principally by the r man-through the wilds 
of Oregon and what is now W a hington Territory. All of the por-
traits are accurate likenesses of prominent chi f: and braves, and 
readily recognized by men who have had interc ur e with the various 
tribes of Indians. 
Since 1852 he has r.herished the hope (but has not been able to 
realize it) that Congress would authorize the purchase of this collec-
tion. He has, up to this time, made sacrifices-such as one believing 
in the merit of his own work, and who e z al in per evering through 
arduous and unremitting toil to accompli n. it, alone would make- to 
keep this collection together. He will not affect the modesty of 
refraining from expressing his belief that no other gallery (aside from 
what artistic merit the public may award it) pos esses the interest, 
in a national point of view, that t his does. Some of the chiefs repre-
sented are no longer living; and) to the little we know of their history 
it will be some satisfaction to add the perpetuation of their features . 
These were taken from life and in the character they themselves pre-
ferred to be handed down to the gaze of future generations. 
The price at which he offers this collection will not more than cover 
the outlay in cost of material, t ransportation, insurance, travelling 
expenses, &c., and will not afford him any compensation for his time 
and labor. Taking, as be humbly conceives the intrinsic value of 
th
ese Indian portraits into consideration he w'm receive no pecuniary 
profi_t by their disposal on the terms na~ed . 
. His ardent desire that they should be preserved, as a national work, 
~n some place at the capital of our country · his failure heretofore to 
mduce Con O' t . ' · g i:,ress O agree to their purchase and the more presslD 
reasons f z • b T · ' · t' 0 ia i ities now maturing, impel him to make this proposi-
1on. Y_our honorable Board are again requested to consider it and 
communicate your a t If the 
Pur h nswer a as early a day as is convenient. c ase of the p t · t · 
or rai 8 is not authorized by you, he will be corn-
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pelled to expose them at public auction in time to have the proceeds 
available by the 1st of May next. 
The undersigned will take this occasion to tender his acknowledg-
ments to the Board and Professor Henry for the use of the hall in the 
Institution where the gallery now is, anu for other courtesies, which 
he will always appreciate. 
I am, very respectfully, your obedient servant, 
J. M. STANLEY. 
The Hon. BOARD OF REGENTS of the Smithsonian Institution. 
On motion, this communication was referred to a special committee, 
and Messrs. Felton, Douglas, and Badger were appointed. 
The Secretary laid before the Board a present from Miss Contaxaki, 
of Greece, consisting of a volume of drawings, &c., illustrating the 
celebrated works of art in her own land, together with the following 
letters: 
WASHINGTON, November 23, 1857. 
Srn: During IIlY last trip to the east, I was charged by Miss Eliza-
beth B. Contaxaki, a native of the isle of Crete, with an "ornamental 
album," which she desired me to present, through you, to the Smith-
sonian Institution. In forming the work, this lady designed it as a 
contribution to the Universal Exhibition at Paris, in 1855, worthy of 
the classic renown· of the ancient city of A.thens. So ardent is her 
admiration of the United States and its institutions that she wishes 
it to be permanently placed in this country, and having a high appre-
ciation of you as an American statesman, and your reputation as a 
classical scholar, she desired that I would request you to offer it in 
her name to the Smithsonian Institution. 
The "Classical Bouquet/' as it is entitled, consists of illustrations 
of the principal monuments and places in the kingdom of Greece, to 
which are added a few from her native isle of Crete, not yet emanci-
pated from the Moslem yoke. These illustrations are explained by 
quotations from the ancient Greek authors in the original language, 
beautifully illuminated; whilst many of the pages are adorned with 
flowers culled from the spots which the drawings represent. 
Miss Contaxaki is the sole originator and authoress of it, assisted 
in its execution by native artists of Greece. The beauty of the finish, 
and the faithfulness and accuracy of the quotations from Hesiod, 
Homer, Xenophon, Plato, a-nd others, show that the present sons and 
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daughters of the renowned ancient city of Minerva are not insensible 
of the glory that was once attached to her name, nor incapable of 
appreciating those monuments of art, cience, and literature which 
still survive. 
Feeling assured that, as an eminent cla ical scholar, you will fully 
appreciate the worth of the Ola ical Bouqu t, I bog to present it, 
through you, to the Smithsonian In tituti n, in her name. 
With sentiments of the highe t re p ct, T remain your obedient 
servant, 
CHA . S. SPENCE. 
Hon. LEWIS 0Ass, 
Secretary of State. 
WASHINGTON CrTY, November 25, 1857. 
Srn: I send you herewith a splendid album, together with a letter 
from Mr. Spence, explanatory of the circum tances of its execution 
and transmission to this country. I perform the duty of presenting it 
to the Smithsonian Institution with great pleasure, for it is a finished 
specimen of taste and art, worthy of a prominent place in your inter-
esting collection. Mr. Spence has so well des~ribed it that any 
further reference to it on my part is unnecessary. 
I am, dear sir, respectfully yours, 
Prof. HENRY, 
LEWIS CASS. 
Smithsonian Institution, Washington City. 
On motion, the work was referred to Professo/Felton, to report a 
resolution expressive of the high appreciation of the gift on the part 
of the Board, and a letter of acknowledgment to Miss Uontaxaki. 
A !etter _was read from Sir George Simpson, expressing the deRire 
and mtent10n of the agents of the Hudson's Bay Company to co-
operate with the Smithsonian Institution in procurin er specimens of 
natural history, and in the prosecution of scientific rese~rches. 
The Board then adjourned to meet on Saturday 30th instant, at 11 
o'clock, a. m. ' 
SATURDAY, JANUARY 30, 1858. 
The Board of Regents met this day in the hall of the · Institution 
at 11 o'clock a. m. 
Present· Hon J o B k" · U ·t d 
St · · · · rec mridge Vice President of the ni e ates Hon J A p ' 1 
Hon W H. E. : earce, Hon. J. M. Mason, Hon. S. A. Doug as, 
Mr. ·Sea; · nghsh, Professor A. D. Bache, Professor C. C. Felton, 
on, Treasurer' and the Secretary. 
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The Vice President took the chair. 
The minutes were then read and approved. 
The minutes of the last meeting of the "Establishment" were read 
for information, according to the by-laws of that body. 
The Secretary stated to the Board the action of Congress at its last 
session relative to the construction of cases in the Smithsonian 
building for the governm'2'nt collections, and also the decision of the 
Attorney General respecting the law. 
The Secretary then presented the annual report of the operations, 
expenditures, and condition of the Institution during the year 1857; 
which was read. 
The Board then visited the rooms of the building, the collections, 
&c., and adjourned. 
WASHINGTON, April 10, 1858. 
The Board of Regents met this day at 11 o'clock a. m. 
Present: Hon. J. M. Mason, Hon. S. A. Douglas, Hon. George E. 
Badger, Hon. Benj. Stanton, Hon. L. J. Gartrell. 
Mr. Mason was called to the chair. 
The minutes w~re read and approved. 
The report of the Building Committee for the year 1857 was read 
and accepted. 
The report of the Executive Committee was presented, together 
with the estimates for the year 1858. 
Communications relative to the care of the government collections, 
the Wynn estate, the publications, investigations) and other opera-
tions of the Institution, were read. 
On motion of Mr. Badger, the Secretary was directed to have the 
windows and other parts of the east wing of the building put in good 
order. 
The following report from Professor Felton was presented: 
REPORT ON THE PRESENT OF MISS CONTAXAKI. 
The Secretary laid before the Board a volume received from Greece, 
and sent as a gift to the Smithsonian Institution, together with the 
letter of the Hon. Mr. Spence, late United States minister to Con-
stantinople, to the Secretary of State, and the letter of the Hon. Lewis 
Cass, the Secretary of State, to Professor Henry, the Secretary of the 
Institution. The volume and the correspondence were referred to 
Professor Felton. 
The volume was transmitted from Athens, Greece, through Mr. 
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Spence. It was designed and executed by a Greek lady of rare liter-
ary accomplishments, Miss Elizabeth · nta ·aki, assisted by six 
Greek gentlemen, resident in Athen . It contains sketches of the 
· principal ruins in that city, and views f the o t famous historical 
places there and in other parts of Greece, correctly drawn and deli-
cately colored, together with the pa aa , fr the classic authors, 
in which the objects and places are d crib d r ref rred to, transla-
tions of the passages, and extracts from Engli h and French writers 
on the same subjects. The book i ad rn d with exquisitely drawn 
vignettes, and emblematic devices, an with pecimens of the wild 
flowers which grow in the places d crib d, carefully preserved, 
pressed, and attached to the leaves. The volu e is bound in blue 
velvet, and tastefully decorated with ilver. It i put in an elegantly 
and richly carved case, made of olive woo , fr m the olive groves near 
Athens, where stood, in ancient time , the academic groves of Plato's 
school. The body of the case is made of the trunk of the tree, and 
the ornamental portions, of the root, which is of darker and richer 
color. This beautiful gift, therefore, combines a great variety of 
objects, possessing, from their association with the loftiest achieve-
ments of Hellenic genius, a deep and ingular interest, and forming 
a most appropriate memorial of the country from which European 
art, education, philosophy, and letters took their rise. 
Miss Contaxaki, the tasteful designer of this memorial, is a native 
of the island of Crete. At the time of the outbreak of the Greek 
revolution, her father was a landed proprietor there, and, in common 
with the great body of the Hellenic race, lost most of his property by 
the rapacity and tyranny of the Turks. His family was dispersed, 
and his daughter Elizabeth became an inmate in the family of the 
Rev. Dr. John H. Hill, the American missionary, who established 
himself in Athens, at the close of the war for the benevolent and 
en~ightened purpose of aiding the Greeks to' reconstruct the shattered 
edifice of civilization, by establishing the school which still continues 
to d~sp~nse the ?lessings of education among the children of its :firSt 
pupils m that illustrious capital. Residing with Dr. Hill for many 
years, and educated chiefly under his superintendence and care, Eliza-
beth became known to many American travellers in the East, by 
whom s~e has often been mentioned with a cordial appreciation of her 
~~phshments and merits. Their personal relations have naturally 
inspired her · th · · d b 1. wi a warm mterest in the United States he1ghtene 
Y tue symnathies f th · · ' t· of 
h r 
O e eitizens of America in the regenera ion 
er country d th · 
' an e substantial aid furnished by them to Greece in 
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the hour of her utmost need. Recently Miss Contaxaki, after a visit 
to Constantinople, where she was received with distinction, has re-
turned to her native island, which is under the government of the 
Pacha of Egypt, and, by her learning and ability, has succeeded in 
recovering, through the Moslem tribunal, a portion of her paternal 
estate. 
The volume now presented to the Smithsonian Institution was sent 
to the great Paris Exhibition of 1855, where it excited much admira-
tion, and gained a diploma for its accomplished author. She has 
now transmitted it for permanent deposit among the treasures of the 
Smithsooian Institution in the United States. 
The Regents of the Institution accept the gift with great pleasure, 
not only on account of its rare beauty, its intrinsic value, and the 
many interesting associations it suggests with that famous city, 
called by Milton "the eye of Greece, mother of art and arms,' 1 but 
also as an expressive symbol of the hearty good will for the American 
republic, cherished by the enlightened spirit of a nation which has so 
honorably vindicated its right to the glories of an illustrious descent 
by re-establishing the institutions of freedom and learning on the soil 
where, in ancient times, they earliest :flourished, and with uuex-
ampled splendor. 
The committee recommends the adoption of the following resolu-
tions by the Board : 
Resolved, That the regents of the Smithsonian Institution ac-
cept, with gratitude, the splendid memorial volume presented by Miss 
Elizabeth D. Contaxaki, and that they recognize, in the beauty, taste, 
and art displayed in its general execution and ,style of its embellish-
ment, a pleasing indication that the genius which placed the ancient 
Greeks at the head of the civilization of the world still survives in 
their descendants. 
Resolved, That a copy of the above report, and of these resolutions, be 
transmitted, with a letter of acknowledgment from the Smithsonian 
Institution, to Miss Oontaxaki, the accomplished donor. 
On motion, the report was accepted and the resolutions adopted. 
The Board then adjourned. 
WEDNESDAY, MAY 19, 1858. 
The Board met this day in the Vice President's room, United State 
Capitol, at 9} o'clock. 
Present: The Chancellor, Hon. Roger B. Taney, Hon. John 0. 
Breckinridge, Vice President of the United States: Hon. J. l\I. !\Ia on, 
6 s 
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Hon. J. A. Pearce, Hon. S. A. Dougfo. , II n. \ . II. English, Hon. 
Benjamin Stanton, Prof. A. D. Bache, and th ccrctary. 
The minutes were read and approved. 
Mr. Pearce explained the report of th • .~ cutiv Committee and the 
estimates for the year 1858, and, on m ti n th y w lre adopted. 
The following report was pre ent d fr m r f. i lt n) of the com-
mittee to whom was r~ferred the communic ti n of~ r. J. M. Stanley: 
REPORT ON THE PROPOSITION TO run HA E, HE UN GALLERY. 
The Secretary laid before the Board a lett r fr rn l\Ir. J.M. Stanley, 
painter of the gallery of Indian portr it , n w n deposit with the 
Smithsonian Institution, propo ing to ell th m to the Institution for 
the sum of twelve thousand dollar . 
The committee appointed to con ider n.nd r port upon the subject 
respectfully represent that, while they are fully n ible of the great 
historical and ethnological value of thi c 11 ction of portraits, and 
of their characteristic excellence, they are y t of opinion that it 
would be inexpedient to withdraw the um menti n d from the funds 
necessary to carry on the scheme of active op rati n , which has been 
so ably inaugurated and, thus far, , o ucc fully executed. The 
income of the Smithsonian fund should not be cattered among differ-
ent and disconnected objects, and the um n ce ary for the purchase 
of the gallery cannot be spared, without crippling for a time, at least, 
the regular operations of the Institution. 
Among the Contributions to Knowledge several important works 
relating to the aboriginal inhabitants of America have been published 
by the Institution and circulated over the civilized world. 
Grammars and dictionaries of the Indian lancruaO'eS may be men-
. b 0 
tioned as of special interest, and of great value to the science of com-
parative philology. Their language will probably pass away, and 
th_e races speaking them disappear; but the works to which we allude 
will preserve, for future investigators of the science of philology, 
the characteristic form in which their thoucrhts were expressed) and 
~ill _h_ave an important bearing, not onl/ on general ethnological 
mqumes, but on the philosophy of the human mind. These volumes 
h_ave been eagerly sought and studied by the most eminent compara-
tive philologists of Europe, and have by universal consent) contri-
buted t · 1 ' 
. ma ena ly to the · increase and diffusion of know ledge among 
men in that department of science. 
But though yo · • f this 
ur committee are of opinion that the purcr:ase O · 
PROCEEDINGS OF THE REGENTS. 83 
gallery would interfere with the present plan of operations, and that 
it would not so directly tend to the increase and diffusion of know-
ledge, they would earnestly express the opinion that, in a national 
point of view, the value of these portraits can hardly be over-
estimated. 
They represent forty-three different tribes, and are taken from the -
leading personages in them. The artist has studied carefully the 
peculiarities of the tribes, the characteristic expressions of the in-
dividuals, their natural attitudes and actions, their several styles of 
costume and ornament, and has reproduced, with artistic skill, all these 
particulars. To this interesting enterprise he has given ten of the 
best years of his life, having traversed, with great labor and incon-
venience, the principal regions inhabited by the subjects of his pencil. 
The number of portraits, including that of the artist, enumerated in 
the catalogue, is one hundred and fifty-two. The price for which 
they are offered is much below their real value, being less than $80 
. a piece. At the proposed rate the artist will receive no compensation 
for his time and labor, and barely enough to defray the cost of material, 
transportation, travelling expenses and insurance. 
The number of the tribes represented so faithfully in this gallery, 
and the prominence of the individuals, render the collection very 
complete and satisfactory, as presenting a general view of the charac-
teristic features of the red man. These circumstances make it important 
that the gallery should be preserved entire. Its peculiar value con-
sists in its comprehensive character no less than in the fidelity of the 
individual details. Centuries hence, when most all of the tribes here 
represented shall have disappe11,red, as the_ New England tribes, for 
example, have nearly disappeared, this gallery will be an object of 
the profoundest interest to the student of man, the historian, the 
philosopher, and the statesman. 
The relations between the government o1 the United States ancl. the 
Indian tribes form one of the most delicate and important subjects of 
national legislation. The government has not only endeavored to 
deal with the red men in a liberal and paternal spirit, but has done 
much towards illustrating their character and conclition by the pub-
lication of costly works embodying the observations and researches of 
investigators who have devoted themselves to Inclian studies. It 
appears to your committee that to purchase this collection, ancl to 
place it in some secure situation easy of access to visitors at the 
capital, would be an act worthy of the enlightened liberality of Con-
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gress. The cost would be insignificnnt, and th v 1u of tlie co11ection 
would increase in all future t.ime. To pl nitable for its 
p~rmanent deposit aB the city of W n:h in 11 t n O'Uardianship 80 
appropriate as that of the governm nt of.th ' '1tn.t s. 
Your committee recommend to th >Oard tlu t the .uhject of th~ 
purchase of Mr. Stanley 's Indian 11 nl1 ·ry he bron<Yht 1· pectfully to 
the attention of Congres , as a me, m ni ntly ll ,' rving a favor-
able consideration in its b arin<l'' up u th hi. t ry of tl1e aboriginal 
tribes of America, and n a monnm 1 nt of <k p n<l la:ting interest to 
the people of the United dates. 
The report was accepted, and laitl n th t~ bl for t11 present. 
The Secretary stated that Mr. Pntna 1 havi1w r '• ign cl the agency 
of the Smithsonian publications in 1 w 01 ·, I : r . D. A J)pleton & 
Co. had been appointed his ucce or •. 
The Secretary announced that inc th ]n t meeting of the Board 
the death of Dr. ROBERT IlARE, of hih ll •l ihii, had ccnrred, who 
was one of tbe princ11ial benefactor of the 11. titution, a d its :first 
honorary member. 
Professor Bache gave an account f the life, ·haracter, and scientific 
researches of Dr. Hare, and offered the fl 1lowj g r lntion : 
Resolved, That the Regents of the rnith 'onif n In titution have 
learned with deep regret the decease of n f the earliest and most 
venerated honorary members of thee tabli, hm nt, Robert Hare, 1\LD., 
of Philadelpl1ia, late professor of chemi fry in the University of 
Pennsylvania. 
Rebolved, That the activity and power of mind of Dr. Rare, shown 
through a long and successful career of phy, i n.l research, the great 
fertility of invention, the happy adaptation, to matters of practical 
life, and the successful grappling with qn t,tions f high theory in 
physical science, have placed him among th fir t in his country of 
th . • 
e great contributors to knowledge, clarurn et venerabile nomen. 
Ref·olved, That while we deplore the J s of thi, great and good 
man, who has done so much to keep alive the :flame of science in our 
cou~try_in past days, we especially mourn the generous patl'on of our 
Institution, the sympathizing friend of the youth of some of us, and 
the warm-hearted colleague of our manhood . 
• ReBolved, That we offer to the bereaved family of Di·. Hare our 
sincere condolence in the loss which they have sustained by his death• 
The resolutions were adopted. 
The report of th S 
e ecretary for 1857 was then accepted. 
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Professor Felton, in behalf of the special committee to whom the 
following communication of Professor Henry of March 16, 1857, 
tog.ether with. accompanying documents, &c., were referred, presented . 
a report. 
COMMUNICATION FROM PROF. HENRY, SECRETARY OF THE SMITHSONIAN 
INSTITUTION, RELATIVE TO A PUBLICATION BY PROF. MORSE. 
GENTLEMEN : In the discharge of the important and responsible 
duties which devolve upon me as Secretary ~f the Smithsonian Insti-
tution, I have found myself exposed, like other men in public positions, 
to unprovoked attack and injurious misrepresentation. Many instances 
of this, it may be remembered, occurred abo1J,t two years ago, during 
the cliscllssions relative to the organic policy of the Institution; but, 
though very unjust, they were suffered to pass unnoticed, and gene-
rally made, I presume, no lasting impression on the public mind. 
During the same controversy, however, there was one attack made 
upon me of such a nature, so elaborately prepared and widely circu-
lated, by my opponents, that, though I have not yet publicly noticed 
it, I have from the first thought it my duty not to allow it to go un-
answered. I allude to an article in a periodical en tit.led " Shaffner' s 
Telegraph Companion," from the pen of Prof. S. F. B. Morse, the 
celebrated inventor of the American electro-magnetic telegraph. In 
this, not my scientific reputation merely, but my moral character was 
pointedly assailed ; indeed, nothing less :was attempted than to prove 
that in the testimony which I had given in a case where I was at 
most but a reluctant witness, I had consciously afad wilfully deviated 
from the truth and this too from unworthy and dishonorable 
' ' ' motives. 
Such a charge, coming from such a quarter, appeared to me then, as 
it appears now, of too grave a character and too serious a consequence 
to ue withheld from the notice of the Board of Regents. I, therefore, 
presented the matter unofficially to the Chancellor of the Institution, 
Chief Justice Taney, and was adviseu by him to allow the matte~ to 
rest until the then existing excitement with respect to the organiza-
tion of the Institution shoulu subside, and that in the meantime the 
materials for a refutation of the charge m1ght be collected and pre-
pared, to be brought forward at the proper time, if I should think it 
necessary. 
The article of Mr. Morse was published in 1855, but at the se sion 
of the Board in 1856 I was not prepared to present the case :properly 
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to your consideration, and I now (1 57) mbrnce the first opportunity 
of bringing the su~ject official1y to your notic , and a king from you 
an investigation into the justice of the char e n.11 ged against me. 
And this I do most earnestly, with th de ir that when we shall all 
have passed from this stage of beinb, 11 imputation f having at-
tempted to evadeinsilence so gra,·c a ch rcr' , lu 11 re ton me, nor on you, 
of having continued to devolve upon m d 1ti f the hiCThest respon-
sibility, after that was known to om f y n in( ivitlually, which, if 
true, should render me entirely u w rthy f y ur c nfid nee. Duty 
to the Board of Regents, as well n r<'rrard to my wn memory, to my 
family, and to the truth of hi tory, de1 rnnd th< t I should lay tbi8 
matt1:1r before you, and place in your he nds the documents necessary 
to establish the veracity of my t timony, ft 1 ly impeached, and 
the integrity of my motive,, o wantonly a ., il cl. 
My life, as is known to you, ha. 1> n princip lly <levoted to science, 
and my investigations in different "branch f phy ic have given me 
some reputation in the line of orjgin l cli c v ry. I have sought, 
however, no patent for invention , and licited no remunerntion for 
my labors, but have freely given their r nlts to the world, expecting 
only, in return, to enjoy the con cion ne f having added, by my in-
vestigations, to the sum of human know ledge, and to receive the 
credit to which they mjgbt justly entitle me. 
I commenced my scientific career about th year 1 28, with a series 
of experiments in electricity, which were contjnued at intervals up to 
the period of my being honored by· election to the office of Secretary 
of this Institution. The object of my re earche was the advancement 
of science, without any special or immediate reference to its applica-
tion to the wants of life or useful purpo e in the arts. It is true, nev-
ertheless, that some of my earlier inve tigations had an important 
bearing on the electro-magnetic telegraph, and brought the science to 
that point of development at which it was immediately applicable to 
Mr. Morse's particular invention. · 
In 1831 I published a brief account of the e researches, in which I 
~rew attention to the fact of their applicability to the telegraph ; and 
10 1832
, and subsequently, exhibited experiments illustrative of the 
8.J?Plication of the electro-macrnet to the transmission of power to a 
dist f O I ance, or producing telegraphic and other effects. The results 
had bl' h a . . 'fi 
. . pu is_ e were commumcated to Mr. Morse by his sc1ent1 c 
assistant D G l . ' 1 tt r · 
' r · a e, as will be shown on the evidence of the a e ' 
and the facts wh' h I h d d' · der-in . ic a iscovered were promptly applied 1n reu 
g effective the operation of his machine. 
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In the latter part of 1837 I became personally acquainted with Mr. 
Morse, and at that time, and afterwards, freely gave him information 
in regard to the scientific principles which had been the subject of my 
investigations. After his return from Europe, in 1839, our intercourse 
was renewed, and continued uninterrupted till 1845. In that year, 
Mr. Vail, a partner and assistant of Mr. Morse, published a work pur-
porting to be a history of the Telegraph, in which I conceived manifest 
injustice was done me. I com plained of this to a mutual friend, and 
subsequently received an assurance from Mr. Morse that if another 
edition were published, alljust ground ofcomplaint should be removed. 
A new emission of the work, however, shortly afterwards appeared, 
without change in this respect, or further reference to my labors. Still 
I made no public complaint, and set up no claims on account of the 
telegraph. I was content that my published researches should remain 
as material for the history of science, and be pronounced upon, accord-
ing to their true value, by the scientific world. 
After this, a series of controversies and lawsuits having arisen be-
tween rival claimants for telegraphic patents, I was repeatedly ap-
pealed to, to act as expert and witness in such cases. This I uniformly 
declined to do, not wishing to be in any manner involved in these lit-
igations, but was finally compelled, under legal process, to return 
to Boston from Maine, whither I had gone on a visit, and to give evi-
dence on the subject. My testimony was given with the statement that 
I was not a willing witness, and that I labored under the disadvantage 
of not having access to my notes and papers, which were in Washing-
ton. rrhat testimony, however, I now reaffirm to be true in every 
essential particular. It was unimpeached before the court, and exer-
cised an influence on the final decision of the question at issue. 
I was called upon on that occasion to state, not only what I had pub-
lished, but what I had done, and what I had shown to others in regard 
to the telegraph. It was my wish, in every statement, to render Mr. 
Morse full and scrupulous justice. While I was constrained, there-
fore, to state that he had made no discoveries in science, I distinctly 
declared that he was entitled to the merit of combining and applying 
the discoveries of others, in the invention of the best practical form of 
the magnetic telegraph. My testimony tended to establish the fact 
that thoucrh not entitled to the exclusive use of the electro-magnet for 
' 0 
telegraphic purposes, he was entitled to his particular machine, register, 
alphabet, &c. As this, however, did not meet the fu11 requirement. of 
Mr. Morse's comprehensive claim, I could not but be aware that, while 
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aiming to depose nothing but truth aml th whol' truth, and while 80 
doing being obliged to speak of my own di·· v ri 1,', and to allude to the 
o~issions in Mr. Vail's book, I mi<rht .·p ·e l11 '.'elf t the possible, 
and, as it has proved, the actual, dan ,r •r f hn:dn <J' my motives miB-
construed and my testimony mi~·repre. •rit •cl. ~ut, , n truly aver, in 
accordancewiththestatementof th• ·unu.cl, Ir. ;hn.,· •,(n wgovernor 
of Ohio,) that I had no desire to arnwn,t t my •lf unclue merit, or to 
detract from the ju t claims of :Mr. M r.· . 
I have the honor to be your ol> li •nt rvnnt, 
To THE BoARD OF REGENT". 
The Chancellor, Chief Jn tic 'ran y, 
statement as to his advising a delay in n 
ferrcd to until the public mind hould b 
the policy of the Institution, and th discn 
Congress in reference to it hould be nc1 l. 
J ., 1 PII HENRY. 
rr )b rt t d Prof. Henry's 
ticirw th publication re-
ttletl in regard to 
which had arisen in 
He stated that it would be een by th f the cleci ·ion of the 
Supreme Court, in the case in which Pr fi: r I •nry was a. witness, 
that, in the opinion of the court, Pr Ce ur or e hn.d produced ·no 
testimony that could invalidate th t tim ny f I rof' ', or Henry, or 
impair in any degree its weiO'ht antl ()'ave full credit to it in the 0 } b 
udgment it pronounced. 
REPORT OF THE SPECIAL CO~IMITTEE OF 'IIIE D ARD OF REGEXTS ON TBE 
COMMUNICATION Oft' rn, FE OR HENRY. 
Professor HENRY laid before the Board of Recren t of the Smithso-
nian Institution a communication relative to anb article in Sha:ffner's 
Telegraph Companion, bearing the sicrnature of SAMUEL F . B. MoRSE, 
th . f . b . 
e_ mven~or O the American electro-magnetic telegraph. In th18 
article serious charges are brought aO'ainst Professor Henry, bearing 
upon his scientific reputation and his moral character. The whole 
matter having been referred to a committee of the Board with in-
structions to report on the same the committee have attended to the 
dut · ' ·. Y as.signed to them, and now submit the following brief report, w1th 
resolutions accompanying it. 
tbThe ~ommittee have carefully examined the documents relating to e subJect and · 11 · of p fi ' especia Y the article to which the communication 
ro essor Henry ret Th" . '"l' ng 
an t' ers. 18 article ocr.upies over ninety pa(J'es, ni 1 
en ire number of Sh ff ' o r ce 
a ner s Journal, and purports to be "a de1en 
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against the injurious deductions drawn from the deposition of Professor 
Joseph Henry, (in the several telegraph suits,) with a critical review 
of said deposition, and an examination of Professor Henry's alleged 
discoveries bearing upon the electro-magnetic telegraph." 
The first thing w bich strikes the reader of this article is, that its 
title is a misnomer. It is simply an assault upon Professor Henry; 
an attempt to disparage his character; to deprive him of his honors 
as a scientific discoverer ; to impeach his credibility as a witness and 
his integrity as a man. It is a disin6enuous piece of sophistical 
argument, such as an unscrupulous advocate might employ to pervert 
the truth, misrepresent the facts, and misinterpret the language in 
which the facts belonging to the other side of the case are stated. 
Mr. Morse charges that the deposition of Professor Henry "con .. 
tains imputations against his (Morse's) personal character," which 
it does not, and assumes it as a duty "to expose tht> utter non-
reliability of Professor Henry's testimony;'' that testimony being 
supported by the most competent authorities, and by the history of 
scientific discovery. He asserts that he "is not indebted to him 
(Professor Henry) for any discovery in· science bearing on the tele-
graph," he having himself acknowledged such indebtedness in the 
most unequivocal manner, and the fact being independently substan-
tiated by the testimony of SEARS 0. vV ALKER , and the statement of 
Mr. Morse's own associate, Dr. GALE. Mr. Morse further maintains, 
that all discoveries bearing upon the telegraph were made, not by 
Professor Henry, but by others, and prior to any experiments of Pro-
fessor Henry in the science of electro-magnetism; contradicting in 
this proposition the facts in the history of scientific discovery perfectly 
established and recognized throughout tbe scientific world. 
The essence of the charges against Prof. Henry is, that he gave 
false testimohy in his deposition in the telegraph cases, and that he 
has claimed the credit of discoveries in the sciences bearing u1,on the 
electro-magnetic telegraph which were made by previous investigators ; 
in other words, that he has falsely claimed what does not belong to 
him, but does belong to others. 
Professor Henry, ;s a private man, might safely have allowed such 
charges to pass in silence. But standing in the important po ition 
which he occuuies as the chief executive officer of the Smithsonian In-
... ' 
stitution; and regarding the charges as uncloubtcdly containing an 
impeachment of his moral character, as well as of his scientific repu-
tation; and justly sensitive, not only for his own honor, but for the 
honor of the Institution, he has a right to ask this Board to consider 
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the subject, and to make their conclu 'i ns a matter of record, which 
may be appealed to hereafter should o.ny quc tion arise with regard to 
his conduct in the premises. 
Your committee do not conceive it t b n c ·ary to follow Mr. 
Morse through all the details of his ln,b n t att ck. Fortunately, a 
plain statement of a few l adirw fi ts , ill 'be ufficient to place 
the essential points of the ca o in a ·l nr li ht. 
The deposition already referred t w11 r lnctn.nt1y given, and under 
the compulsion of legal proce , by r >f . .I nry, before the Hon. Geo. 
S. Hillard, United States commi ion r, nth 7th of eptcmber, 1849. 
The following is the statement of th I n. . CuA E, (now gov-
ernor of Ohio,) one of tho coun 1 in the t l ~rrraph case , in a letter 
to Professor Henry, dated Columbn , hio, v mbcr 2G, 1856: 
In the year 1849, I wa profi sion lly mpl y d in the defence of 
certain gentlemen engaged in the bu in f t legraphin~ Letween 
Louisville and New Orlean , again t wh ill of complaint had 
been filed in the Circuit Court of th nit d t t for the district of 
Kentucky. The object of the bill wa t r tmin th defendants, my 
clients) fro~ the use in telegraphing f c rtain in , trume? t c~lled 
the Columbian Telegraph, on th ~r und that it wa ' an rnfrrnge-
ment upon the rights of the complain nt under the patents gran~ed 
to Pro~essor Morse. It therefore became my duty, in the preparat10_n 
of their de(ence, _to ~scertain the preci natur and extent of theu 
rights. With this view I called upon y u, in Angn t or September 
of_ that year, for Y?Ur deposition. It w s taken before George S. 
Hillard, esq., a U mted States com mi ion r fi r the di trict of Massa-
ch~setts, in _Boston. I remember very well that you were unwilling to 
be rn!olved m the controversy, even as a witne s, and that you only 
submitted to be examined in compliance with the requirements of law. 
Not one ?f your statements was volunteered. They were all called out 
by_ questicns p~opounded either verbally or in writin er. I waR not suf-
ficiently familiar at the time with the precise merits of ~he_ case to 
know what would or would not be important, and therefore ms1sted on ~ full state~ent, not merely of the general hi tory of e]ectro-m~gn~t-
ism as. applied :o telegraphing, but of ail your own discoveries lil 
that science havmg relation to the same art, and of all that h~d pass_ed 
betw~en yourself and Professor Morse connected with these d1scover1es 
or wi!h the telegraph. You could not have refn ed to respond to the 
ques_tions propoun~ed, without subjectincr yourself to judicial animad-
vrsio~ a~d constramt. Nothing in what you testified, or your manner ~ t~Shfymg, suggested to me the idea that you were animated by anY 
r!re to arro~ate undue merit to yourself or to detract from the just 
c aims of Professor Morse. ' 
s. P. CHASE. 
Previous to th" d · · h' wn 
1 tt 
18 eposition, Mr. Morse as appears from is 0 
e ers and stat t · ' t fi el-i f emen s, entertamed for Prof. Henry the warmes e 
ngs o personal reg d d h . t as a 
ar , an t e highest esteem for his charac er 
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scientific man. In a letter, dated April 24, 1839, he thanks Prof. 
Henry for a copy of his "valuable contributions," and says, "I per-
ceive many things (in the contributions) of great interest to me in my 
telegraphic enterprise." Again, in the same letter, speaking of an 
intended visit to the Professor at Princeton, he says: " ·I should come 
as a learner, and could bring no 'contributions' to your stock of ex-
periments of any value." And still further: " I think that you have 
pursued an original course of experiments, and discovered facts more 
immediately bearing upon my invention than any that have been 
published abroad.'' 
It appears, from Mr. Morse's own statement, that he had at least 
two interviews with Prof. Henry-one in May, 1839, when he passed 
the afternoon and night with him, at Princeton; and another in Feb-
ruary, 1844-both of them for the purpose of conferring with him on 
~ubjects relating to the telegraph, and evidently with the conviction, 
on Mr. Morse's part, that Prof. Henry's investigations were of great 
importance to the success of the telegraph. 
As late as 1846, after Mr. S[orse had learned that some dissatisfac-
tion existed in Prof. Henry's mind in regard to the manner in which 
his researches in electricity had been passed over by Mr. Vail, an 
assistant of Mr. Morse, and the author of a history of the American 
magnetic telegraph, Mr. Morse, in an interview with Prof. Henry, at 
Washington, said, according to his own account, "Well, Prof. Henry, 
I will take the earliest opportunity that is afforded me in anything I 
may publish to have juAtice donA to your labors; for I do not think 
that justice has been done you, either in Europe or this conntry." 
Again, in 1848, when Prof. Walker, of the Coast Survey, made 
his report on the theory of Morse's electro-magnetic telegraph, in 
which the expression occurred, " the helix of a soft iron magnet, 
prepared after the manner first pointed out by Prof. Henry," :Mr. 
Morse, to whom the report waG submitted, said: "I have now the 
long wished for opportunjty to do justice publicly to Henry's dis-
covery bearing on the telegraph." And in a note prepared by him, 
and intended to be printed with Prof. Walker's report, he says: 
'' The allusion you make to the helix of a soft iron magnet, prepared 
after the manner first pointed out by Prof. Henry, gives me an op-
portunity, of which I gladly avail myself, to say that I think that 
justice has not yet been done to Prof. Ilenry, either in Europe or in 
this country, for the discovery f a scien1ific fact, which, in its bear-
ing on telegraphs, whether of the magnetic needle or electro-magnet 
order, is of the greatest importance.'' 
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He then proceeds to give a hi. toricn.l 'Yn p i showing that 
although suggestions had been mad l t ud plan' l i' )d by Soemmering: 
in 1811, and by Ampere, in 1 20, yet, tlu t t.h •.·perim uts of Barlow, 
in 1824, had led that investigator t prononuce "the idea of an elec-
tric telegraph to be chimerical" -an pi niou th t wn ', for the time, 
acquiesced in by scientific men. IIc sh , ._· tht t, in the interval be-
tween 1824 and 1829, no furt.h r 'llll'U" • ion. , re n adc on the sub-
ject of electric telegraphs. But, he pro ' tl ·- n 1 3 , Prof. Henry, 
assisted by Dr. Ten Eyck, while n1r, ,1 tl in p rin.ients on the ap-
plication of the principle of the n·n.lvaui mnltipli 'l' t th development 
of great magnetic power in soft iron, uiclo the important discovery 
that a battery of intensity ovcrcam tluit r' i, tauce in a long wire 
which Barlow had announced a at in np m l' bar t the construc-
tion of electric telegraphs. rrhns wn. · p 11 tl th wa. r for fresh efforts 
in deviRing a practicable electric t 1 >(Tru.ph · n.nd 1 H,r n Schilling, in 
1832, and Professors Gau and \V b r, in 1 :!:-, hatl ample oppor-
tunity to learn of Heury's di cov ry, and avail th m el ve of it, before 
they constructed their needle telegraph . " An 1, while claiming for 
himself that he was "the first to propo e then e f the electro-magnet 
for telegraphic purposes, and the fir t t c n trnct a t legraph on the 
basis of the electro-magnet," yet he adtl , " to ]> rofessor Henry is 
unquestionably due the honor of the di co ery of a principle which proves 
the practicability of exciting magneti m, through a long coil, or at a dis-
tance, either to deflect a needle or to magnetize soft iron.'' 
~ha~ Mr· Morse here describes as "a principle," the discovery_ of 
whrnh 18 unquestionably due to Profes, or Henry, is. the law wluch 
first made it possible to work the telegraphic machine invented by 
Mr. Morse, and for the knowledge of which Mr. 1)forRe was indebted to 
Pr~fessor Henry, as is positively a ·erted by his a. Hociate, Dr. GALE. 
This gent~eman, in a let.ter, dated Washington, April 7, 1856, makes 
the followrng conclusive statement: 
WASIIINGTCN, D. C., April 7, 1856. 
t 8:R: In rep~y to your note of the 3d instant, respecting t?e Mo:se 
tet)raph, askmg me to state definitely the condition of the rnventw_n 
w en 1 first saw the apparatus in the winter of 1 36 I answer: This 
tipparatus was M ' · · · ' h tvpe 
. orse s ongmal rnstrument usually known as t O • 
apparatus m which tl t . ' . . l . run throu h ' . . ie ypes, set up ma composmg st1c c, wei~ r 
batte; a_circu~t breaker, and in which the battery was the cylinde 
peculi!' ~1th a smgle pair of plates. This arran crement also had another 
in drawr~ y' namely' it was the electro-maanet u°sed by Moll, and shown 
ings of the old 'k · :P • . 1 few turns of wire in th e~ wo~ s on that subJect, havmg on Y af the 
magnet Th e coil which surrounded the poles or arms 0 
· e sparseness of the wires in the mao-net coils and the use 
. b 
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of the single cup battery were to me, on the first look at the instru-
ment, obvio~s mark~ ~f defect, and I accordingly suggested to the 
Professor_, without givrng ~y reas?ns for so doj~g~ that a battery of 
many pairs should be substituted for that of a srngle pair and that 
the coil on each arm of the magnet should be increased to diany hun-
dred turns each; which experiment, if I remember aright, was made 
on the same day with a battery and wire on hand, furnished I believe 
by myself, and it was found that while the original arrangement 
would only send the electric current through a few feet of wfre, say 
15 to 40, the modified arrangement would send it through as many 
hundred. Although I gave no reasons at the time to Professor Morse 
for the suggestions I had proposed in moclifying the arrangement of 
the machine, I did so afterwards, and referred in my explanations to 
the paper of Professor Henry, in the 19th volume of the American 
Journal of Science, page 400 and onward. It was to these sugges-
t.ions of mine that Professor Morse alludes in his testimonv before 
the circuit court for the eastern district of Pennsylvania, in "the trjal 
of B. B. French and others vs. Rogers and others.-See printed copy 
of Complainant's Evidence, page 168, beginning with the words 
"Early in 1836 I procured 40 feet of wire," &c., and page 169, where 
Professor Morse alludes to myself and compensation for services ren-
dered to him, &c. 
At the time I gave the suggestions above named, Professor Morse 
was not familiar with the then existing state of the science of electro-
magnetism. Had he been so, or had he read and appreciated the 
paper of Henry, the suggestions made by me would nat?r~lly have 
occurred to his mind as they did to my own. But the pru:1,cipal part 
of .Morse's great invention lay in the mechanical adaptation of a power 
to produce motion, and to increase or relax at will. I~ was only 
necessary for him to know that such a power existed for him to adapt 
mechanism to direct and control it. 
lVIy suggestions were made to Professor Morse from inferen?es 
drawn by reading Professor Henry's paper above alluded to. Profes-
sor Morse professed great surprise at the contents of the paper when 
I showed it to him, but especially at the remarks o~ Dr. Barlow's re-
sults respecting telegraphing, which were new to him, and he st~tecl 
at the time that he was not aware that any one bacl even conceived 
the idea of using the magnet for such pur:poses. 
With sentiments of esteem, I remam yours truly, 
L. D. GALE. 
Prof. Jos. HENRY, 
Secretary of the Smithsonian Institution. 
It further appears, that principally for the information thus commu-
nicated Mr. Morse assigned to Dr. Gale an interest in the telegraph, 
which he afterwards purchased back for $15,000, as appears from the 
following letter of Dr. Gale : 
PATENT OFFICE, August 5, 1857. 
DEAR Sm : In reply to yours of this date, respecting the interest. I 
once poAsessed in Morse's telegraph patent, secured to me by ~he said 
Mone, as alluded to by him in his statement to the Uornm1ss10ner of 
94 PROCEEDINGS OP TIIE REGENTS. 
Patents, I would simply state. tlrn.t. th pa.r t ' ~ d whe? I entered 
the service of the govern~rnut m t.l11 ofh .'' \~ s rg1~rnlly ;s1v_en me by 
the sai<l Morse for services rend re(l l11Jn m nrnkm rr his rnvention 
practically effective in sending cnrr ut.' t hr twh loo~ distances, &c., 
and that the said interest wa retra.n f rrc l t the aid Morse for the 
sum of fifteen thousand dollars. 
Respectfully, 
L . D. GALE. 
Professor HENRY, 
Secretary Smithsonian In titulion . 
It thus appears, both fro l\lr. or wn admis, ion down to 
1848, and from the testimony of th 'r m t familiar with the facts, 
that Professor Henry di cover cl the Ltw, or" prinripl ," as Mr. Morse 
designates it, which wa nee s ry t nrnk th practical working of 
the electro-magnetic telegraph at on id r bl di t nee pos ible ; that 
Mr. Morse was first informed of thi li c v ry by 1 r. Gale; that be 
availed himself of it at once, and th at it n v r oc nrr d to l\Ir . Morse 
to deny this fact until after 1 4 . I h l t adily and fully acknow0 
ledged the merits and geniu of l\fr. II nry, • th discoverer of facts 
and laws in science of the highe t i p rtance t the success of his 
long-cherished invention of a maO'netic tel ~O'r ph. l\Ir. Henry was 
the discoverer of a principle, 1\Ir . .i:Ior c wa the inventor of a machine, 
the object of which was to record charact r at a lisiance, to convey 
intelligence, in other words, to carry int ex cution the idea of an 
electric telegraph. But there were ob ' tacl in the way which he 
could not overcome until he learned the di cov rie of Profe sor Henry, 
and applied them to his machine. The e fact are undeniable. They 
constitute a part of the history of science and invention . They were 
true in 1848, they were equally true in 1 55 when Professor Morse's 
article was published. vVe give a pa saO"e l~ere from the deposition 
of ~EARS C. WALKER, in the case of Fren: h vs. Rogers, Respondent's 
Evidence, page 199, bearing upon this whole ubject : 
"I · 1 n conse_quence of some statements made by me in my offi~ia 
reports relative to the invention of the receiving magnet , a ques~ion 
arose between Mr. Morse and myself a to the ori(Tin of this invention. 
~~;as ami~abl_y discussed by Mr. Morse, Profe s~r Henry , Dr. Gale~ 
h myself, witl; Professor Henry's article alluded t o in answer t 
\ e ~econd question before us. 'l'he result ~f the interview was conf 
~busre to my ~ind that Professor Henry was the sole discoverer ~ 
in e ~ on wh1?h the intensity magnet depends fo r its power of sen . 
Cogncl de gablvamc current through a lono- circuit I was also led to u e t at M M · 0 • d ei-periments b fi r. orse, m the course of his own researches an d d 
to bad e ore be had read Professor Henry's article before allu he 
, encountered the d'ffi ' d th se w o preceded hi h d same 1 culty Mr. Barlow an o . g 
m a encountered, that is, the impossibility of forcin 
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the galvanic current through a long telegraph line. His own per-
sonal researches had not overcome this obstacle. They were made in 
the laboratory of the New York University. I also learned at the 
same time, by the conversations above stated, that he only overcame 
this obstacle by construc_ting ~ m~gnet _on t~ie ~~i~ciple invented by Pro-
fessor Henry, and descnbed m his article m Silliman' s Journal. His 
attention was directed to it by Dr. Gale." 
What changed Mr. Morse's opinion of Profr~sor Henry, not only 
as a scientific investigator, but as a man of integrity, after the admis-
sions of his indebtedness to his researches, and the oft repeated ex-
presBions of warm personal regard? It appears thq,t Mr. Morse was 
involved in a number of lawsuits, growing out of contested claims to 
the right of using electricity for telegraphic purposes. The circum-
. stances under which Professor Henry, as a well k~own investigator in 
this department of physics, was summoned by one of the parties to 
testify have already been stated. The testimony of Mr. Henry, while 
supporting the claims of Mr. Morse as the inventor of an admirable 
invention, denied to him the additional merit of being a discoverer of 
new facts or laws of nature, and to this extent, perhaps, was consid-
ered unfavorable to some part of the claim of Mr. Morse to an exclu-
sive right to employ the electro-magnet for telegraphic purposes. 
Professor Henry's deposition consists of a series of answers to verbal, 
as well as written, interrogatories propounded to him, which were not 
limited to his published writings, or the subject of electricity, but ex-
tended to investigations ana discoveries in general having a bearing 
upon the electric telegraph. He gave his testimony at a distance 
from his notes and manuscripts, and it would not have been surprising 
if inaccuracies had occurred in some parts of his statement; but all 
the material points in it are sustained by independent testimony, and 
that portion which relates directly to Mr. Morse agrees entirely with 
the statement of his own assistant, Dr. Gale. Had his deposition 
been objectionable, it ought to have been impeached before the Court; 
but this was not attempted; and the following tribute to Professor 
Henry by the judge, in delivering the opinion of the Supreme Court 
of the United States, indicates the impression made upon the Court 
itself by all the testimony in the case: "It is due to him to say that 
no one has contributed more to enlarge the knowledge of electro-
magnetism, and to lay the foundations of the great invention of which 
we are speaking, than the Professor himself." 
Professor Henry's answers to the first and second interrogatories 
present a condensed history of the progress of the science of electro-
magnetism, as connected with telegraphic communication, embracing 
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an account of the di. cov ri 
very precise. 
Henry's experiments and illtt tratim1 a 
that the electric tel ' 11 mph w 1 
magnet might be n:e<l to Jiroclu · 
s. 
adequate to ma kin O' i 11 na1 · < • v 1 ion· ·i 11<1. , 11 ·h n: ringin er bells, 
which he practically illu. t1afetl. Ju pro >f' of' thi · ~·p qnote a letter 
to Profes or Henry, from Pro~· :or ,J \:\I, II ,1.1., f Albany, late 
presi<lent of the American A .. ·ncia ion ii,r th; <h·i n · ment of cience: 
, A.· All" J , 1856. 
DEAR Sm: ·while a Rtnd 'nt of th l 'JI.' lt r ~ ·hoo1, in Troy, 
New York, in Angm,t, 1 :U, I vi it d 11,nnY with 1 friend, having 
a letter of iutroductiou to you from Prnlt•, ni· Ei ton. nr prinr,ipal 
object was to ee y nr electro-mn1711 •ti· nppnrnt1rn, of which we had 
heard much, and at the am, time th, lihrn1· • n.nd collections of the 
Albany Institute. · 
You showed n your l, bor:itor • in 1 1< w r Htor, r ba ement of 
the bui1din~, ancl i'u a lar1rer room in 1 11 uppPr :tory ome electric 
an~ galvamc apparatus, with "arion pllilo:ophi ·al 11rntrnments. _In 
tins room, and eA'tentli1w a.romHl th, un, ,·a · a circuit of wire 
stretch~d along the wall, HIHl at on t •r111i11nti~m of' thiH, in the recest1 
of a wrndow, a bell wa, fi.·e<l whil tli oth 1 r •." tremity was con-
nected with a galvanic apparatu . . 
You showed us the manner in which th h 11 onlcl be miule to nng 
by a current of electricitv, ";ra.nsmitt •cl thr mgh thi , wire, and you 
remarked that this meth )d mi•rht be , dniit 1 11 for 1rivin1r Hib<rnals, by th . . f' b ( !:"'I • t f i e rrngm~ 0 a_ bell at the di tanc of many mile, from the porn ° 
ts connex1~n with the galrnuic apparatui--. . 
All th_e cucumstances attendirJO' thi: ,i::iit t .Albany are fresh lil ~y 
recolle~tion, and dnring the pn,t year, whil o nni'ch has been said 
r~spectrng t~e invention of electric tele1rrn,ph, I have often had occa-
srnn to me1:t10n the exhibition of your electric t J ,1.,.raph in the Albany 
Academy, m 1832. b 
If _at any time or under any C'ircum 'tftnce thi tatement can be of 
service to you in s b t t· · < • • t the 
. u 8 an 1atrng your claun t uch a discovery a 
pe~ol \amed, you are at liberty to u it in any manner you please, hn s all be_ ready at all time to repeat and n tain what I have 
P:~~ 
st
af.ted, '.v1th many other attendant circu~stances, should theY 
e O any importance. 
I remain very · l 
~mcere y and respectfully yours, 
Professor JosEPH flE~RY. J AM.h:S HALL, 
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In his deposition, Prof. Henry's statements are within what he 
might fairly have claimed. But he is a man of science, looking for 
no other reward than the consciousness of having done something for 
its_ promotion, and the reputation which the successful prosecution of 
scientific investigations and discoveries may justly be expected to give. 
In his public lectures and published writings he has often pointed out 
incidentally the possibility of applying the facts and laws of nature 
discovered by him to practical purposes; he has freely communicated 
information to those who have sought it from him, among whom has 
been Mr. Morse himself, as appears by his own acknowledgments. 
But he has never applied his scientific discoveries to practical ends for 
his own pecuniary benefit. It was natural, therefore, that he should 
feel a repugnance to taking any part in the litigation between rival 
inventors, and it was inevitable that, when forced to give his testi-
mony, he should distinctly point out what was so clear in his own 
mind and is so fundamental a fact in the history of human progress, 
the distinctive functions of the discoverer and the inv~ntor who ap-
plies discoveries to p1·actical purposes in the business of life. 
Mr. Hertry has always done full justice to the invention of Mr. 
Morse. While he could not sanction the claim of Mr. Morse to the 
exclusive use of the electro-magnet, he has given him full credit for 
the mechanical contrivances adapted to the application of his invention. 
In proof of this we refer to his deposition, and present also the following 
statement of Hon. CHARLES MASON, Commissioner of Patents, taken 
from a letter addressed by him to Prof. Henry, dated March 31, 1856: 
u. s. PATENT OFFICE, lJ!larch 31, 1856. 
Sm: Agreeably to your request I now make the following state-
ment: 
Some two years since, when an applicatio_n w~s made for an exten-
sion of Prof. Morse's patent, I was for some time m doubt as to the pro-
priety of making that extension. Under these ~ircumstances I. con-
sulted with several persons,. and among othe~s. with _yours~lf, with a 
view particularly to ascertam the amount of mvent10n fairly due to 
Prof. Mors~. 
The result of my inquiries was sucl~ as to. induce me to g~ant the 
extension. I will further say that this was m accordance with your 
exuress recommendation, and that I was probably more influenced by 
th1s recommendation and tbe information I obtained from you, than 
by any other circum;tance, in comi~g to that conclusion. 
I am, sir, yours very respectfully, 
CHARLES MASON. 
Prof. J. HENRY. 
To sum up the results of the preceding investigation in a few words 
7s 
98 NT. 
dged the value 
'tri t •1 crraph; that his 
li. tin tly ffirmed that 
n<l that previous to 
t ) p •rate his instru-
, and in no spirit 
h r cc ions he fully 
cl that l\1r. Morse's 
nclu i n that Mr. 
hn.rcr s he has made 
against Prof. Henry, althouo-h th ur f pr f ln.y upon him; and 
that all the evidence, inclutlin o- th nn in, •cl o.d1 i, ion of Mr. Morse 
himeelf, is on the other side. Mr. r h r n t only remain 
unproved but they are positively di pr v 
Your committee recommend the ad pti u f the following resolu-
tions: 
Resolved, That Professor Mor e ha n t ucc ed d in refuting the 
statements of Professor Henry in the dep iti n o-iv n by the latter in 
l849; that he has not proved any ne f th accu ati ns against Prof. 
Henry made in the article in Shaffner T I araph om pan ion in 1855, 
and that he has not disproved any one f his wn admissions in re· 
gard to Prof. Henry's discoveries in electr -macrneti m, and their im-
portance to his own invention of tbe 1 ctro-ma netic telegraph. . 
Resolved, That there is notbincr in Pr fi r l\for e's article that di-
lfiinishes, in the least, the confid:nce of th; oard in the integrity of 
Prof. Henry or 1• th 1 f . . l · h have 
1 . ' n e va ue o those gr at d1 coveries w 11c p ~ced his name among those of the mo t di tin o-uished cultivators of 
science and h d n . f the 
' ave one much to exalt the scientific reputat10n ° 
country. 
Resolved Th t th· · the 
Pr d. ' a 
18 report, with the resolutions be recorded 10 
ocee mgs of the B . ' 
oard of Regents of the Institution. 
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The report was accepted and tbe resolutions were unanimously 
adopted. The Board then adjourned sine die. 
APPENDIX TO THE REPORT OF 'rHE COMMITTEE. 
STATEMENT OF PROFESS()R HEN.RY IN RELATION TO THE HISTORY OF THE 
ELECTRO-MAGNETIC TELEGRAPH. 
In the beginning of my deposition I was requested to give a sketch 
of the history of electro-magnetism having a bearing on the telegraph, 
and the account I then gave from memory I have since critically 
examined and find it fully corroborated by reference to the original 
authorities. My sketch, which was the substance of what I had been 
in the habit of giving in my lectures, was necessarily very concise, and 
almost exclusively confined to one class of facts, namely, those having 
a direct bearing on Mr. Morse's invention, and my paper in Silliman's , 
Journal was likewise very brief and intended merely for scientific : 
men. In order, therefore, to set forth more clearly in what my own \ 
improvements consisted it may be proper to give a few additionstl '. 
particulars respecting some points in the pro~ress of discovery, illus-. 
trated by wood cuts. 
There are several forms of the electrical telegraph: first, that in, 
which frictional electricity has been proposed to produce sparks and l 
motion of pith balls at a distance. 
Second, that in which galvanism has been employed to produce 
signals by means of bubbles of gas from the decomposition of water. 
Third, that in which electro-magnetism is the motive power to, 
produce motion at a distance; and again, of the latter there are two · 
kinds of telegraph, those in which the intelligence is indicated by the · 
motion of a magnetic needle, and those in which sounds and per-
manent signs are made by the attraction of an electro-magnet. The 
latter is the class to which Mr. Morse's invention belongs. The fol-
lowing is a brief exposition of the several steps which led to this form , 
of the telegraph. 
The first essential fact, as I stated in my testimony, which ren- · 
dered the electro-magnetic telegraph possible was discovered by · 
Oersted in the winter of 1819-' 20. It is illustrated by figure 1, in 1 
' 
which the magnetic Fig. 1. 
needle is deflected by ------==---~,....::..----- n 
the action of a cur- A - ~ . ~ < 
rent ot galvanism 
transmitted through 
the wire A B. (See Annals of Philosophy, vol. 16, page 273.) 
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The second fact of importan 
Fig. 2, 
in l ... 0, hy Arago and 
J I vy, is illn trated in 
fi <Tur 2. It consists 
in thi , that while a 
nr nt of <Tu.lvanism is 
pa: itw through a cop-
}l 'l' ,·ire A B, it is 
magnetic, it attract iron filiu,T ml n t t.11 o · ·opp r or bra s, and 
is capable of developin 1" ma "U ft iron. (~ee Annales de 
Chimie, vol. 15, page 94.) 
The next important di ·cov ry, t1 o 111 ll iu 1 rn, l> • Ampere, was 
that two wires throu,d1 which 1 111 i ui · · 1rr nt u.r pa ing in the 
same direction attract, and in pp it dit ·tiun r •pd, each other. 
On this fact Am11ere f umkd hi c 1 hr t l th r ·, that magnetism 
,onsists merely in the a,ttrn.ction of cl ·tric1 l ·m-r •ut revolving at 
right angles to the line joiui1w h t \' > p< l )f th magnet. The 
magnetisation of a bar of st 1 or ir m · r l in 11 t th is theory, con-
iaists in establi bin(T within th m ,tt 1 h, • in lu ti m n. • •ri •s of electrical 
ourrents, all revolving in tho Im llir, t,i 11 n.t ri,d1t angles to the 
:axis or length of the bar. ( Ann l l himi ,, v 1. 15, page 69.) 
It was this theory which 11d A rn<T , 1 , h t t , t adopt the method 
,of magnetizing sewing n cdl u.nd pi f t > 1 wire, hown in 
Fil(. 3. fi IY'll)' 1 ,) • rrhi method 
n i ,t., in transmit-
tin cT a current of elec-
tri ity through a helix 
:surrounding the needle or wu· t be ru <Tn tizetl. For the 
.purpose of insulation then dle wa in 1 , 1 d in (Tln 'S tube, and th0 
1several turns of the helix were at ]i t nc fr m n.ch other to insure 
the passage of electricity, through the whol 1 n{Tth oft.he wire, or,_ in 
other words, to prevent it from 'eekin r, n. sh rt 'r pa 'Hage by cutting 
.across from one spire to an ther. Th h lix mployed by Arago 
,obviously approximates the arrancrcn nt r uire l by the theory of 
.Ampere, in order to develop by induction the ma<Tnctism of the jron, 
:By an attentive perusal of the ori ()'inal ace unt f the experiments of 
Arago, given in the Annales de Chimie. t I h T' i<prn, vol. XV, 1820, 
page 93, it will be seen that, prop rly p akino- he made no e1ectro-
m~gnet, as has been asserted by 1\for e and th rs~ his experirnents 
w:re confined to the magnetism of iron filing , t · wing needles a:! 
. pi~ces of steel wire of the diameter of a millimetre, or of about t 
th1
ckness of a small knitting needle. ( ee Annale de Chiroie, vol. 
15, page .95.) 
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Mr. Sturgeon, in 1825, made an important step in advance of the 
experiments of Arago, and produced what is properly known as the 
electro-magnet. He bent a piece of iron wire into the form of a horse-
shoe, covered it with varnish to insulate it, and surrounded it with a 
helix, of which the spires were at a distance. When a current of 
galvanism was passed through the helix from a small battery of a 
single cup the iron wire became magnetic, and continued so during 
the passage of the current. When the current was interrupted the 
magnetism disappeared, and thus was produced the first temporary 
soft iron magnet. 
The electro-magnet of Sturgeon is shown 
in figure 4, which is an exact copy from the 
drawing in the Transactions of the Society 
for the Encouragement of Arts, &c., vol. 
~Ll!L By comparing figur~s 3 and 4 ?. 
1t will be seen that the helix employed ¢Jj _t11·,. 
by Sturgeon was of the same kind as that l ~l ~ 
used by Arago ; instead, however, of 'B 
straight steel wire inclosed in a tube of 
Fig. 4. 
glass, the former employed a bent wire of soft iron. The difference 
in the arrangement at first sight might appear to be small, but the 
difference in the results produced was important, Aince the temporary 
magnetism developed in the arrangement of Sturgeon was sufficient 
to support a weight of several pounds, and an instrument was thus 
produced of value in future research. 
The next improvement was. made by myself. After reading an 
account of the galvanometer of Sch weigger, the idea occurred to me that 
a much n·earer approximation to the requirements of the theory of 
Ampere could be attained ·by insulating the conducting wire itself, 
instead of the rod to be magnetized, and b)\ covering the whole sur-
face of the iron with a series of coils in close contact. This was 
effected by insulating a long wire with silk thread, and winding this 
around the rod of iron in close coils from one end to the other. The 
same principle was extended by employing a still Fig. s. 
longer insulated wire, and winding several strata 
of thi~ over the first, care being taken to insure 
the insulation between each stratum by a cover-
ing of silk ribbon. By this arrangement the rod 
was surrounded by a compound helix formed of a 
long wire of many coils, instead of a ingle helix 
of a few_ coils, (figure 5.) 
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In the arrangement of ,-;cveral turns of 
wire were not preci ely at ri h rn ,.,.1 i f the rod, as they 
should be, to produce the ffi t r th~ ry, hut slightly 
oblique, and therefore each t 111cl l pan t magnetism 
not coincident with th' a.·i of 11 I1u t in \ indiurr the wire 
over itself the obliquity of th ml tu1 n. ·omp •n ated each 
other, and the resultant a ti n , i. 1 j,,ht nngl •, to the bar . The 
arrangement then introclu · d by n y lf , L • up •ri >r t those of 
Arago and Sturgeon, fir.tin 1ho rr d r multiplicity of turn of wire, 
and secc,nd in the h ttcr appli l' i n o th · t \ll'll to th development 
of magnetism. 'rl1c pow .r of th ·u trnn nt, with th' same amount 
of galvanic force, wa: by t hi rr n n 11 • ,. rnl times increased. 
The maximum eIB ct, how v r , ·ith 
battery was not yet obtn.in 1tl. t r 
been coiled upon the ir n th 1)1 , 1 
crease of the number of turn . 'l'hi v lu to th• in r a ed resist-
ance which the longer wir, oH •r tl t th · mdnction of electricity. 
Two methods of improv m ,nt th •r or u ,,T t d th •nH,elve . The 
first consisted, not in incrca in h, l ·11 rth f th ·oil, but in using 
a number of separate cuil n th, f iron. By this ar-
rangement the resistr.nc to th t>lHl u ti n f th , • lcctricity was 
diminished and a greater qnn.nti ty mnd t i1 nlt te nr und the iron 
from th~ same battery. The s con l m th l l f pro(lncing a similar 
result consisted in increa inc,. th nu tnl r of l •m nts of' the battery, 
?r, in other words, the projcctil fo r · f th I, ·t.ri ·it)' , which enabled 
it to pass through an incren.: d numb •r o turn >f wire, and thus, 
Fig. 6. by increa. ing th } ,ugth f th, wire, to develop 
the ma.·imnm pow •r >f' th iron. 
Tote, t th , c priucipl son n. 111.rger scale th_e 
l · h 1s experim ntn.l ma.cruet , 1, n, trncted, w uc 
shown in fi (l'ur 1 G. n th1, n. number of com-
pound helice. wcr plac d n the ;a.me bar, their 
ends left pndectin cr, and o numbered that th8Y 
could be all uui f 1d int one loner helix, or va-
. 1 t) 
nous y combined in sets of leRsser 1cm lr th. 
From a series of experiments with thi , and th >r nHvrnets it was 
proved that in orde t d f
0 
netislll 
, r o pro ucc the 1l' r n.te ,t amount o mag 
from a. batter f' · 1 · d · but yo asmgecup, a number f heli is require ' 
when a. compou d b t . b ern· 
l n at ery IS used then one lon,r wire mnst e p oyed, ma.kinfJ' ma t . c f . ·e and 0 ny urns arQund the iron the len crth o Wll 
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consequently the number of turns being commensurate with the pro-
jectile power of the battery. 
In describing the results of my experiments the terms intensity and 
quantity magnets were introduced to avoid circumlocution, and were 
intended to be used merely in a technical sense. By the intensity 
magnet I designated a piece of soft iron, so surrounded with wire 
that its magnetic power could be called into operation by an intensity 
battery, and by a quantity magnet, a piece of iron so surrounded by a 
number of separate coils that its magnetism could be fully developed 
by a quantity battery. 
I was the first to point out this connexion of the two kinds of 
the battery with the two forms of the magnet in my paper in Silli-
man's Journal, January 1831, and clearly to state that when mag-
netism was to be developed by means of a compound battery, one long 
coil was to be employed, and when the maximum effect was to be pro-
duced by a single battery, a number of single strands were to be used . 
These steps in the advance of electro-magnetism though small) were 
such as to interest and astonish the scientific world. With the same 
battery used by Mr. Sturgeon, at least a hundred times more mag-
netism was produced than could have been obtained by his experiment. 
The developments were considered at the time of much importance 
in a scientific point of view, and they subsequently furnished the means 
by which magneto-electricity, the phenomena of dia-magnetism, and 
the magnetic effects on polarized light were discovered. They gave 
riRe to the various forms of electro-magnetic machines which have 
since exercised the ingenuity of inventors in every part of the world, 
and were of immediate applicability in the introduction of the magnet 
to telegraphic purposes. Neither the electro-magnet of Stu!geon nor 
any electro-magnet ever made previous to my investigations was 
applicable to transmitting power to a distance. 
The principles I have developed were properly apprecia,ted by the 
scientific mind of Dr. Gale, and applied by him to operate Mr. Morse's 
machine at a distance. 
Previous to my investigations the means of developing magnetism 
in soft iron were imperfectly understood. The electro-magnet made 
by Sturgeon, and copied by Dana, of New York, was an imperfect 
quantity magnet, the feeble power of which was developed by a single 
battery. It was entirely inapplicable to a long circuit with an inten-
sity battery, and no person possessing the requisite scientific know-
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ledcre would have attempted to u 
t, 
nn .-1 n after reading 
my paper. 
In sending a mes age to a di t rn · mployed, the 
first a long circuit thron(l·h wlii ,h H tri ·i : i · nt to the distant 
station to bring into action th lllcl 1 ·lH rt n , in which is the 
local battery and nm.a-n et for w n hu' t,h t 11\ ·hin . In rder to give 
projectile force sufficient to I'.' ml th po" , t t li . tn.nc , it is neces-
sary to use an inteo ity hu.tt •r' ·11 1 h 1 n g ·ir ·nit. n.nd in connexion 
with this, at tho dHn.nt :ti tion, n 11 ,.,u t . UIT nrnle1l with many 
turns of one long wire nrn th mpl >. 1 • tt r · •iv nnd multiply the 
effect of the curr nt nfocul tl ' it 11 n mi. ion t,hrou 0·h the long 
conductor. Inthcl ca.I r.lw1t ·ir·1it itl rt11int nHit.y raquan-
. tity magnet ru~y be empl ' l. If th , fu.· h u · tl th n with it a 
compound battery will b r · uir 11 · 1 ml tl r f' r , n account of the 
increased resistanc due t th 11r · t r 111 1 tit • f i ci1l, n le amount 
of work will be perform •cl h · 1 r,j 11 t mon 1t, f 111 terin]; and, con-
sequently, though thi arr n1r 1 1 n i pr ,ti ahl it iH by no means 
economical. In my origin l pup 'l' ti th1 t th n.tlvantages of a 
greater conducting pow r, fr m u, i11 , r 1 wir , in the quantity 
magnet,may, in ale de<J'r ', b lhh iu · l hr 1h. tituting for them one 
large wire; but in this ca, , on t , , nrnt, f th ,,.r •af t> r obliquity of 
the spires and other Cll.lhe , th ff ·t wonlcl be less. In 
accordance with these 1n·incipl th r , ivi 11 1T m1 crn t, or that which 
is introduced into the louO' ircnit, n i t. 
surrounded with many hundred turn. 
operated with a battery of from 2 t 111 nt r more, while in 
the local circuit it is cu tomar r t n pl JY n. hf tt ry of one or two 
elements with a much thicker wir n 1 fi,, r nrn, . 
. It will, I think, be evident to th it 1ptutit l r n.der that these were 
improvements in the electro-magnet whi 1 :fir t rend red it adequate 
to ~he transmission of mechanical p w r t di brnce; and had 1 
omitted all allusion to the t 1 o-ra1 h in 11y., n.11 r th conscientious h' t . . b ' is onan of science would have aw{ rd m me credit however 
small ~ight have been the advance which I , tl . Arago' and Stur-
geon, m the accounts of their experim nt 'nrn.ke n m ntion of the tel-
e~raph, and yet their names always hrw u and will be associated 
wb.1th the invention. I briefly, howev r c llcd ntten tion to the fact of 
t e ap l' b'l' ' 1 
1 P ICa 
1 ity of my experiment t the c 11'trnction of the tee-
gra P 1 · b t b · · · " d 
· ' u not erng fanulrnr with the history f t.he attempts ma e 
in regard to this inv t' I . , . . , . I ght t h en 10n, called 1t "Bi l'low' proJect while ou 
o ave stated that M B l , , d t dis-!)rove th . . . .1c r. ar ow s inve tigation merely tende 0 
e poss1b1hty of a telegraph. 
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I did not refer exclusively to the needle telegraph when, in my 
paper, I stated that the magnetic action of a current from a trough is at 
Ieast not sensibly diminished by passing through a long wire. This 
is evident from the fact that the immediate experiment from which 
this deduction was made was by. means of an electro-magnet and not 
by means of a needle galvanometer. 
At the conclusion of the series of experiments which I described in 
Silliman's Journal, there were two applications of the electro-magnet 
in my mind: one the production of a machine to be moved by electro· 
magnetism, and the other the transmission of or calling into action 
power at a distance. The first was carried into execution in the _con-
struction of the machine described in Silliman's Journal, vol. 20, 1831, 
and for the purpose of experimenting in regard to the second, I ar-
ranged around one of the upper rooms in the Albany Academy a 
wire of morA than a mile in length, through which I was enabled to 
make signals by sounding a bell, (fig. Fig. 1. 
7.) The mechanical arrangement for 
affecting this object was simply a 
steel bar, permanently magnetized, of 
about ten inches in length, supported 
on a pivot and placed with its north 
end between the two arms of a horRe-
shoe magnet. When the latter was 
excited by the current, the end of the 
bar thus placed was attracted by one 
arm of the horse-shoe, and repelled 
by the other, and was thus caused to 
move in a horizontal plane and its further extremity to strike a bell 
suitably adjusted. 
This arrangement is that which is alluded to in Professor Hall's 
letter* as having been exhibited to him in 1832 It was not, however, 
at that time connected with the long wire above mentioned, but with 
a shorter one put up around the room for exhibition . 
At the time of giving my testimony, I was uncertain as to when I 
had first exhibited this contrivance, but have since definitely settled 
the fact by the testimony of Hall and others that it was before I left 
Albany, and abundant evidence can be brought to show Lhat previous 
to my going to Princeton in November, 1832, my mind was much 
occupied with the subject of the telegraph, and that I introduced it in 
my course of instruction to the senior class in the Academy. I should 
* See tho Report of the Committee, page 96, and Proceedings of the Albany lnslilute, 
anuary, 1858. 
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From a careful inve:tirration f th hi. tor· of •lectro-magnetism 
in its connc.·ion with the t 1 Tn ph th, · llowing fact may be es-
tablished: 
L Previous to my inv ·tio-ation. them,, n lf d •v ·loping magnetism 
in soft iron were imp 1rfo tly uud r t< < l, llll the 1lectro-magnet 
which then exi ted wa inappli ·1Lbl t th tru.n, mi ·sion of power to a 
distance. 
· 2. I was the first to prov hy u. ·tu 1.l p rim .nt that, in order to 
develop magnetic power at n di t1 n , n. C'r il au i , bat t •ry of intensity 
must be employed to pr j 1ct th curr nt thr ucrh t,h long conductor, 
and that a magnet surrounded by nH ny turn, f' ue long wire must be 
used to receive this current. 
3 I was the first actually t mt gu tizc pi 'C of iron at a distance, 
and to call attention to the fact f the applic1 bilit,y or my experiments 
to the telegraph. 
4
· I was the first to actually ound n, b 11 at a di tancc by means of 
the electro-magnet. 
5
· The principles I had dcv lop d w •r appli d by Dr. Gale to 
render Morse's machine effective at a di. tu.nc . 
The results her · . · t · in a 
. . e given were amono- my n.rhc. t e_·penmen 8 , 
scientific point of view I con ider d th<:m f much less importance 
than what I b lled 
• SU sequently accompli h d · and had I not been ca 
upon to give my t t· . ' ffered th es imony m re<rard to th m I would have su 
em to remain w'th t 11· ' t f the history of . i ou ca mg public attention t them, a par O b t 
science to be · d d f b . . h the es qualified to JU ge o y c1ent1fic men w o are 
pronounce upon their merits. 
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DEPOSITION OF JOSEPH HENRY, IN THE CASE OF 
MORSE vs~ O'REILLY, 
TAKEN AT BOSTON, SEPTEMBER, 1849. 
[ From the Record of the Supreme Court of the United States.] 
1. Please state your place of residence and your occupation ; also, 
what attention, if any, you have given to the subjects of electricity, 
magnetism, and electro-magnetism. 
Answer.-! begin this deposition with the express statement that I 
do not voluntarily give my testimony; but that I appear on legal 
summons, and in submission to law. I am Secretary to the Smith-
sonian Institution) established in the city of Washington, where I 
now reside. The principal direction of the Institution is confided to 
me. As I do not expect to return to Washington until some time in 
October, I have been called upon to give my testimony here in Boston; 
on this account I labor under the disadvanfage of being obliged to 
testify without my notes and papers, which are now in Washington. 
I commenced the study of electro-magnetism in 1827 ; and since then 
have, at different times, [ until] within the last two and a half years, 
when I became Secretary of the Smithsonian Institution, made original 
investigations in this and kindred branches of physical science. I know 
no person in our country who has paid more attention to the study of 
the principles of electro-magnetism than myself. 
2. PleaRe give a general account of the progress of the science of 
electro-magnetism, as connected with telegraphic communication; and 
of any inventions or discoveries in electro-magnetism applicable to 
the telegraph, made by yourself. 
Answer.-! consider' an electro-magnetic telegraph as one which 
operates by the combined influence of electricity and magnetism. Prior 
to the winter of 18l!J-'20, no form of the electro-magnetic telegraph 
was possible; the scientific principles on which it is founded were 
then unknown. The first fact of electro-magnetism was discovered 
by Oersted, of Copenhagen, during that winter. It is this: A wire 
being placed close above, or below, and parallel to a magnetic needle, 
and a galvanic current being transmitted through the wire, the needle 
w'ill tend to place itself at right angles to it. This fact was widely 
published, and the account was everywhere received with interest. 
The second fact of importance was discovered independently, and 
about the same time, by Ar~go, at Paris, and Davy, at London. It 
is this: During the transmission of a galvanic current through :.1 wire 
of copper, or any other metal, the wire exhibits magnetic properties, 
attracting iron, but not copper :filings, and having the. power of in-
ducing permanent magnetism in steel needles. The next important 
fact was discovered by Ampere, of Paris, one of the most sagacious 
and successful cultivators of physical science in the present century. 
It is this: Two parallel wires through which galvanic currents are 
passing ia the same direction, attract each other; but if the currents 
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ma~netic apparatus, I commenced in that year the investigation of 
the laws of the development of magnetism in soft iron, by means of 
the electrical current. The first idea that occurred to me in accord-
ance with the theory of Ampere, with reference to increasing the 
power of the electro-magnet, was that of using a longer wire than 
had before been employed. A wire of sixty feet in length, covered 
with silk, was wound round a whole length of an iron ba.r, either 
~traight or in the form of a U, so as to cover its whole length with 
several thicknesses of the wire. 
The results of this arrangement were such as I had anticipated, 
and electro-magnets of this kind, exhibited to the Albany Institute 
in March, 1829, possessed magnetic power superior to that of any 
before known. · 
The idea afterwards occurred to me that the quantity of galvanism, 
supplied by a small galvanic battery, might be applied to develop a 
still greater amount of magnetic power in a large bar of iron. On 
experiment, I found this idea correct. A battery of two and a half 
square inches of zinc, developed magnetism in a large bar sufficient to 
lift fourteen pounds. 
The next suggestion which occurred to me was that of using a 
number of wires of the same length around the same bar, so as to 
lessen the resistance which the galvanic current experienced in pass-
ing from the zinc to the copper through the coil. To bring this to 
the test of experiment, a second wire, equal in length to the first, 
was wound around the last mentioned magnet, and its ends sGldered 
to the plates of the same battery. 
The magnet with this additional wire lifted twenty-eight pounds, 
or, in other words, its power was doubled. 
A series of experiments was afterwards made, to determine the re-
sistance to conduction of wires of different lengths and diameters, and 
the proper lengths and number of wires for producing, with different 
kinds of galvanic batteries, the maximum of amount of magnetic de-
velopment with a given quantity of zinc surface. For this purpose a 
bar of soft iron, two inches square and twenty inches long, weighing 
twenty-one pounds, and much larger than any before used, was bent 
in the form of a horse-shoe. Around this were wound nine strands 
of copper wire, each sixty feet long, the ends left projecting so that 
one or more coils could be used at once, either connected with a bat-
tery or with each other, thus forming several coils with several battery 
connexions, or one long coil with single battery connexions. The 
greatest effect obtained with this magnet, using a battery of a single 
pair, with a zinc plate of two-fifths of a square foot of surface, and all 
the wire arranged as separate coils, was to lift a weight of six hun-
dred and fifty pounds ; with a large battery the effect was increased 
to seven hundred and :fifty pounds. In a subsequent series of experi-
ments, not published with the preceding, the same magnet was made 
to sustain one thousand pounds. When a compound battery was 
employed of a number of pairs, it was found that the greatest effect 
was produced when all the wires were arranged as a single long coil. 
I subsequently constructed electro-magnets on the same plan, which 
supported much greater weights. One of these, now in the cabinet 
of Princeton, will sustain three thousand six hundred pounds with a 
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a great distance, operating upon a magnet or needle, and that the 
telegraph was therefore possible. In arriving at these results, and 
announcing their applicability to the telegraph, I had not in mind 
any particular form of telegraph, but referred only to the general fact 
that it was now demonstrated that a galvanic current could be trans-
mitted to great distances with sufficient power to produce mechanical 
effects adequate to the desired object. 
The investigations above mentioned were all devised and originated, 
and the experiments planned, by myself. In conducting the latter, 
however, I was assisted by Dr. Philip Ten Eyck, of Albany. An 
account of the whole was published in the 19th volume of Silliman's 
Journal, in 1831, with the exception of the account of the large 
magnet afterwards constructed at Princeton in 1833, and the experi-
ment mentioned of lifting a thousand pounds with one of my first 
magnets. While I was engaged in these rP.searches, Prof. Moll, of 
the University of Utrecht, was pursuing investigations somewhat 
similar, and succeeded in making powerful electro-magnets, but made 
no discovery as to the distinction between the two kinds of magnets, 
or the transmissibility of the galvanic current to a great distance with 
power to produce mechanical effects. In fact, his experiments were 
but a repetition on a large scale of those of Sturgeon. 
After completing the investigations abovementioned, I commenced 
a series of experiments on another branch of electricity closely con-
nected with this subject. Among other things, I applied the princi-
ples above mentioned to the construction of an electro-magnetic 
machine, which has since excited much attention in reference to the 
application of electro-magnetism as a motive power in the arts. 
In 1832 I was called to the chair of natural philosophy in the 
College of New Jersey, at Princeton, and in my first course of lectures 
in that institution, in 1833) and in every subsequent year during my 
connexion with that institution, I mentioned the project of the electro-
magnetic telegraph, and explained how the electro-magnet might be 
used to produce mechanical effects at a distance adequate to making 
signals of various kinds. I never myself attempted to reduce these 
principles to practice, or to apply any of my discoveries to processes 
in the arts. My whole attention, exclusive of my duties to the college, 
was devoted to original scientific investigations, and I left to others 
what I considered in a scientific view of subordinate importance the 
application of my discoveries to useful purposes in the arts. Besides 
this, I partook of the feeling common to men of science, which disin-
clines them to secure to themselves the advantages of their discoveries 
by a patent. 
In .February, 1837', I went to Europe; and early in April of that 
year Prof. Wheatstone, of London, in the course of a visit to him in 
King's College, London, with Prof. Bache, now of the Coast Survey, 
explained to us his plans of an electro-magnetic telegraph; and> among 
other things, exhibited to us his method of bringing into action a 
second galvanic circuit. This consisted in closing the second circuit 
by the deflection of a needle, so placed that the two ends projecting 
upwards, of the open circuit, would be united by the contact of the 
and of the needle when deflected, and on opening or breaking of the 
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wires. I urged him to put his wires on poles, and stated to him my 
experiments and their results. 
In the course of the years 1836 and 18R7, various plans of more or 
less merit, were devised, and more or less fully carried into effect, for 
applying the principles already discover3d to the construction of electro-
magnetic telegraphs in different parts of the world, but of these I do 
not undertake to give any particular account. I would say, however, 
that of these plans that for which Mr. Morse subsequently obtained a 
patent was, in my judgment, the best. 
3. Please state whether or not you are acquainted with the electro-
magnetic telegraph for which S. F. B. Morse obtained a patent in 
1846. If you are, please state whether any, and if any, which of the 
principles or plans which you have desaribed as discovered, or an-
nounced by yourself or others are used in the construction or opera-
tion of it. State also what principles used in the telegraph are, so 
far as you know, original with Professor Morse. 
Answer.-I am acquainted with the principles and general mode of 
operation of the telegraph and improvement referred to. The tele-
graph is based upon the facts discovered by myself and others, of 
which I have already given an account. 
The plan which was :first described to me in the autumn of 1837 by 
Mr. Morse, or by Professor Gale, who was associated with him in the 
construction of the telegraph, was to employ a single entire circuit of 
wire, with an intensity battery to excite the current, and an intensity 
magnet to receive it and produce a mechanical aciion, which would 
work the recording apparatus. Mr. Morse afterwards employed the 
intensity battery in a long circuit, and an intensity magnet to receive 
its current at a distant point, and produce the mechanical effect of 
closing a secondary circuit. The secondary circuit may be either em-
ployed to transmit a second current to a distant point and there close 
a third circuit, and thus continue the line, or for working a recording 
apparatus in the secondary circuit, or it may be employed without 
reference to the continuation of the line, as a short local circuit to work 
a local magnet. In the :first case, there must be in the secondary cir-
cuit an intensity battery and intensity magnet; in the last case, a q uan-
tity magnet and quantity battery are required. 
I heard nothing of the secondary circuit as a part of Mr. Morse's 
plan until after his return from Europe, whither he went in 1838. It 
was not till long after this that Mr. Morse used the earth as a part of 
the circuit in accordance with the discovery of Steinheil. 
I am not aware that Mr. Morse ever made a single original dis-
covery, in electricity, magnetism, or electro-magnetism, applicable to 
the invention of the telegraph. I have always considered his merit 
to consist in combining and applying the discoveries of others in the 
invention of a particular instrument and process for telegraphic pur-
poses. I have no means of determining how far this invention is 
original with himself, or how much is due to those associated with him. 
4. Please state when you first became acquainted with Mr. Morse 
and what knowledge he possessed of electricity, magnetism, and 
8 8 
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Chilton, of New York, informed me that he had referred Mr. Morse 
to them previous to his experiments in the New York University. I 
was therefore much surprised on the publication, in 1845, of a work 
purporting to give a history of the telegraph, and of the principles on 
which it was founded, by Mr. Vail, then principal assistant of Mr. 
Morse, and one of the proprietors of his patent, to find all my 
published researches relating to the telegraph passed. over with little 
more than the remark that Dr. Moll and myself had made large 
electro-magnetic magnets. Presuming that this publication was 
authorized by Mr. Morse and the proprietors of the telegraph, I com-
plained to some of his friends of the injustice, and after his return 
from Europe, (for he was absent at the time the book was issued,) I 
received a letter, copied and signed by Mr. Vail, but written by Mr. 
Morse, as the latter afterwards informed me, excusing the publication, 
on the ground that he (Mr. Vail) was ignorant of what I had done, 
and asking me for an account of my researches. This letter was 
addressed to me after the book had been stereotyped and widely 
circulated. It has been translated into French, and, I believe, 
published in Paris. To the letter I did not think fit to make 
any reply. I afterwards received a letter from Mr. Morse, in his 
own name, on the same subject, to which I gave a verbal reply in 
January, 1847, in Washington. In this interview Mr. Morse acknow-
ledged that injustice had been. done me, but said that proper repara-
tion would be made. Another issue of the same work was made, 
bearing date 1847, in which there is no change in the statement 
relative to my researches. 
About the beginning of 1848 Mr. Walker, of the Coast Survey, in 
a report on the application of the telegraph to the determination of 
differences of longitude, alluded to my researches. A copy of this 
was sent to Mr. Morse, which led to an interview between Mr. Walker, 
Professor Gale, Mr. Morse, and myself. At this meeting, which took 
place at my office jn Washington, Mr. Morse stated that he had not 
known until reading my paper in January, 1847, that I had two years 
before his first conception in 1832, settled the point of practicability 
of the telegraph, and shown how mechanical effects could be produced 
at a distance, both in the deflection of a needle and in the action of an 
electro-magnet; that he did not know, at the time ?f his experiments 
in 1837 that there had been any doubts of the act10n of a current at 
a distance and that in the confidence of the persuasion that the effect 
could be produced, he had devised the proper apparatus by which his 
telegraph was put in operation. Professor Gale, being then referred 
to stated that Mr. Morse had forgotten the precise state of the case; 
th~t he, (Mr. Morse,) p~evious to_ his, (Dr. Gale'_s1) connexion with 
him, bad not succeeded m producmg effects at a distance; that, when 
he was first called in he found Mr. Mon,e attempting to make an 
electro-magnet act through a circuit of a few yards of copper wire 
suspended around a room in the University of New York, and that 
he could not succeed in producing the desired effect even in this 
that circuit; that he (Dr. Gale) asked him if he had studied Prof. 
Henry's paper on the subject, and that the answer was "no;" that 
he then informed Mr. Morse that he would find the principles 
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that I made in Albany, which I have not mentioned, since my re-
moval to Princeton, I have made several thousands on electricity, 
magnetism, and electro-magnetism} particularly the former, which 
have more or less bearing on practical applications of this branch of 
science, brief minutes of which fill several hundred folio pages. Many 
of these have not been published in detail. They have cost me years 
of labor and much expense. 
The only reward I ever expected was the consciousness of advancing 
science, the pleasure of_ discovering new truths, and the scientific 
reputation to which, these labors would entitle me. 
JOSEPH HENRY. 
Sworn to before me, September 7, 1849. 
GEO. S. HILLARD, 
Commissioner. 
GENERAL AP E L T T FOR 1857. 
The object of this Appen li i to illn, tr t the operations of the 
Institution by the report f 1 • tur tn t fr m correspond-
ence, as well as to furnish int rmu.t i lmr ct r uited especially 
to the meteorological ob rv r o, d th r r o a i terested in the 
promotion of knowledge. 
LECTURES ON COAL. 
:BY PROFESSOR JOSEPH LE CONTE. 
Nature is a book in which are revealed the divine character and 
mind. Science is the human interpretati0n of this divine book, hu· 
man attempts to understand the thoughts and plans of Deity. The 
book being divine, it is evident that all parts are equally sacred. 
The subjects of all sciences may be said to be equally, because they 
are all infinitely, noble. To the scientific mind the organization of an 
insect, a polyp, or an infusorial animalcule is no less dignified a sub-
ject of human inquiry than the organization of the solar system. Yet, 
as in the Sacred Scriptures, while all parts are equally sacred, because 
all are divine, some are cherished with peculiar reverence, as giving 
nobler conceptions of divine character, or clearer views of human duty. 
So also in science there are some branches which, by a certain magni-
tude in the objects with which they deal, strike the imagination and 
kindle the enthusiasm in a peculiar degree. From a purely abstract 
or intellectual point of view they may be all equal, but as human stu-
dies, as means of elevating the mind and ennobling the soul, they 
differ very muc..:h among themselves. 
In this, the noblest function of science, there are two departments 
which stand out beyond all others, viz: astronomy and geology. We 
are all accustomed to look upon astronomy as the most magnificent of 
sciences, as more than all others extending the bounds of human 
intellectual vision; but I am perfectly confident that when the age 
has grasped as firmly and apprehended as clearly the fundamental 
idea of geology as it has already done that of astronomy, all will 
agree with me in thinking that the former is not one whit behind the 
latter in the overwhelming grandeur of its conceptions. Let us, then, 
compare these two noble sciences. Let us attempt to vindicate the 
claims of geology to stand beside astronomy in the very first rank of 
sciences as twin sisters, distinguished from all others by superior 
beauty and dignity. 
There are two conditions of material existence, viz: space and time. 
We cannot conceive of material existence except under these two con-
ditions. Now, the peculiar province of astronomy is space, as that of 
geology is time. Other sciences may have to do with space, limited 
space, a portion of space, but it belongs to astronomy alone to deal 
with infinite space. So also there are other sciences which necessarily 
deal with limited time, but it is the peculiar prerogative of geology to 
deal with infinite time.* As astromy is limited in time to the present 
epoch, or, in fact, t.o about two thousand years, but unlimited in space, 
so also geology is limited in space to the surface of the earth, but un-
limited in time. As astronomy measures her distances by billions of 
,. We use the term" infinite" with reference to time, as with reference to space, as synony-
mous with inconceivably great, illimitable by human conception. 
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There are in the history of science two eras which, more than all 
others, strike the imagination and fill the mind with admiration. Or 
rather, I should say, two moments, the greatest in the intellectual 
history of the human race. They are those in which were born in 
the mind of man the fundamental ideas of astronomy and geology-
the ideas of infinite space and infinite time, containing other worlds 
and other creations. You have all, probably, thought of the sublimity 
of that moment when the idea of infinite space, peopled with worlds 
like our own, was first thoroughly realized by the mind of man. You 
have all, probably, shared in imagination the exstacy of Galileo as 
gazing with awe through the first telescope, the phases of Venus and 
the satellites of Jupiter sud.denly revealed to him the existence of 
other worlds besides his own. Before that pregnant moment our own 
was alone in the universe. Sun, moon, and stars were but satellites 
to the earth. Astronomy was but the geometry of the heavens; the 
geometry of the curious lines which these "wandering fires" traced 
upon the crystalline concave of the skies. In an instant the great 
fundamental idea of modern astronomy was born in the mind of 
Galileo. In an instant man's intellectual vision is infinitely extended, 
but his own world, before so great, has shrunk into an atom in the 
midst of infinite space; has become a younger sister, a comparatively 
insignificant member in a great family of worlds. 
We have all been accustomed to look upon this as the grandest 
moment in the intellectual history of man. But there is another 
moment less known, or if known, less thought of, because less under-
stood and less appreciated, but not less grand. It is that in which 
was born in the mind of man the fundamental idea of geology; in 
which the idea of other time-worlds besides our own entered the mind 
of the aged Bu:ffon. 
For many years, indeed centuries, it had been observed that organic 
remains, particularly marine shells, might be found far inland, and 
even high up the slopes of mountains. There was much speculation 
among scientific men as to the origin of these shells. They were 
attributed by some to the deluge, by others more truly to gradual and 
permanent changes in the relative level of sea and land. But no one 
for a moment supposed that they belonged to any period anterior to 
the present epoch. Some may have supposed that they were extending 
the known limits of the present epoch, that they were discovering new 
continents in the ocean of time, but never dreamed. that these were 
the evidences of a new world in the infinite abyss of time. Bu:ffon 
himself had taken active part in these discussions. Finally, near the 
end of the last century, and in the evening of his great and long life, 
a large mun her of these remains, both marine shells and mammalian 
vertebrates, larger than he had ever examined before, were placed at 
his disposal and subject to his inspection. To his astonishment he 
found them entirely different from species now inhabiting the earth. 
In that moment, in the mind of the venerable Buffon, suddenly, like 
Minerva from the head of Jove, was born the idea of infinite time 
containing successive creations. In an instant man's intellectual 
vision was again infinitely extended; but his own world again 
dwindled into a single day in the geological history of the earth. 
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The whole future of geology wn.. n in th vi i n f that moment 
Filled with awe, the old man, the. r Y n.r of age, published 
his discovery. In a kind of s1\ ·r '<~ phr :nz • 1_1 poke ~ the magnifi-
cence of the prospect, and proph .1 d f th' f ntur glone of this new 
science which he was, ala , t o >ld t p 11\'tl . Thu , to the last his 
dying hand pointed the wn.y n.n<l hi d •it1tT ic kin<lled the e~thu-
siasm of those whom he could n le nu· r l 'l <l. 
Picture for a m ment t )' nr. lf th ,,. <l 1 nffi n thus gazing in 
rapture, silent and alon , upon thi. n w \ rl<l mld 1 nly o ened to his 
intellectual vision. I cannot. h lp omtH ring him t Mo e of old on 
the top of Pi gah. Like Mo. ,. , h hn. l r u. ·h •d th xtreme verge of 
mortal life; like him, he ·toml npon • mount, rn.i <l far above the 
rest of the world by th min n · f hiH int 11 ctual po ition; like 
him, he gazed wit.h ·1.crcd l •mn jo, , miu 1rl •<l, ith adness, upon a 
new world, a promis d laud, "11i ·h Ii n, for idd n to nter; and, 
like him, also, he died th re npnn th m nut, pr ph , ying of the 
future glories of the uew land, nd I llirw up n hi followers to enter 
in and take po eR i n. 
One more compari on b tw en th \' h nol>l iences: In com-
paring modern with an i nt or v nm 1 lit vn.1 iviliza.tion, nothing 
is more striking or mor iguific nt thn.n the <liffi rcnc in the manner 
in which nature i view \d in r ln.tion t man. 'l1he pirit of the older 
civilization tended to exalt man in hi own ~ ti rnation and to degrade 
nature, while that f mod rn ivilizi t.i n tend to humiliate by 
insisting upon hi in i~nifi ·an in mpi ri on with the g:eatness 
of nature. In art thi i , n in th} <Tr drn l but con:tant increase 
!n the _contemplatio_n of na.tur , oth ~1 pn.inting and poetry. An 
mcreasrng love of w1lderne an 1 m nntn.in, fr k and crag, of cl?ud 
and sky. In science it i till mor di tin tly en in the amazmg 
progress of the physical and natural , ienc s. The minn of man has 
gradually passed from the tu{ty nd ont mpla ion of itself to the 
study and contemplation of na.tnr . \V ~li v thi was a necessary, 
but cannot believe that it i a final c1rn.ng . ¥hen, by_ the study of 
external n_ature, a true and olitl founuati n i lo.id for plnlosophr ' thf 
~uman mrnd will again return t the tudy and cuntemplatwn ° 
itse~f, as the greatest of nature w rk,. t 
Now, it has already been seen that am IlO' the mo t efficient agen s 
· b · · ' b the m. rrngmg about this great and nece ary change have een to 
sciences of astronomy and geoloO'y N thinO' ha t nded so muc~ h ·1· h · t"I • 0 d" fact umi 1~te t e pride of man as the rec crnition of the a toun mg. . 
that his habitation, his world is but au at m amon er millions ot ~nrni· 
lar t · th b ' b · · • · the 
.. a oms m e oundless realm of pace · and that his time,. 1 hie of his race, is but_a d~y in the immea u:.aule cycle of geo!ogi~~ 
changes: But there 1s this great difference between the two scienc J 
that while nstrono.~y l_eaves man thus humiliated, _pr~strate, aile 
opeless, geology lifts him up and re tore him t his dignity. Whh 
astronomy gi 'd f . . th to ot er 
h ves no ev1 ence o the supenonty of the ear 11-eavenly b d" f · 1 · ote 1· 0 ies, or o man above other 1>0 ible matena 1 gences-gives h" t f h . . . ld among 
oth no m o t e superior dwmty of our wor · r dig!it 8~fce-worl_ds-geology most distinc1ly declares the 8tlPt!~~. 
Y our time-world, and of our race, among all other 
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worlds and their races. She teaches unmistakeably that there has 
been a gradual course of preparation for the present epoch; that there 
is an unity of plan in the whole system of time-worlds ; that, in a 
certain sense, they are all satellites to ours; that they are all bound 
together by a force; that force the plan,:, of the Almighty, and its 
centre the present epoch. Thus man becomes the centre of the 
universe of time. Thus, also, by analogy we are led to suspect that 
there may be a similar unity in the system of space-worlds also, 
and that ours rnn.y, and probably does, enjoy a superiority, if not in 
size at least in organization, and therefore in the intelligence of its 
inhabitants. Thus man's dignity is restored, or rather, I should say, 
dignity is given in place of pride. "Pride goeth before a fall," but 
dignity comes after. 
But it will no doubt be objected by many that the position of a 
science depends not only upon the dignity of its subjects, but also, in 
no small degree, upon the certainty of its conclusions, and that, in 
this respect, astronomy is far superior. But even this is a mistake, 
the result of misconception. Even here the superiority of astronomy 
has been very much exaggerated. Astronomy has its hypotheses and 
uncertainties as well as geology ; and, on the other hand, geology has 
its certainties as well as astronomy; only it has happened, in ~his as 
well as in many other cases, that the wisdom of age has given false 
dignity to its errors and follies, while the wildness of youth has dis-
credited its wisdom. The certainties of astronomy have given an 
appearance of truth to its wildest hypotheses, while the hypotheses of 
geology have unjustly thrown some discredit upon her truest theories 
and most certain facts. The certainties of astronomy are the form, 
size, weight, distance} and relative position of her space-worlds. Her 
uncertainties are their physical geography, climate, and, more than 
all, their inhabitants, animal and vegetable. The certainties of ge-
ology are the physical geography, climate, and, more than all, the 
inhabitants, animal and vegetable, of her time-worlds, while her un-
certainties are their relative size and distance. It is seen, then, that 
the certainties of the one are precisely the uncertainties of the other. 
Which, then, are the nobler-the certainties of astronomy or those 
of geology? Is it more noble to know the relative size and position 
of worlds in space and time or to be acquainted with the beings 
which forrn their c1owning glory? It would carry me too far to pur-
sue this train of thought. Suffice it to say that, in either case, that 
which was most important to know has been rendered most certain; 
while, also, in both cases, .that which is most uncertain is also least 
important to know. 
I have thought this long introduction necessary, because geology is 
so constantly misunderstood. She is looked upon by some with sus-
picion, as wild in her speculations and uncertain in her conclusions; 
by others with indifference, as a mass of dry and unattractive detail ; 
and by still others with positive dread, as tending to infidelity. I 
deemed it necessary, therefore, to say a few words in vindication of 
her high rank among the inductive sciences, both in re pect to the 
certainty of her conclusions, and, still more, the nobleness of her con-
ceptions and the absorbing interest of her subjects. I might have_ 
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gone still furthe!, _and vindicated he:r cl im to be co_nsidered the chief 
handmaid of rehg10n among the c1 nee . But this would have led 
me much too far. Thirty years later, and all I have thus far said 
would have been unnece sary. ~1c ~cneration mo:e. and geology 
will need n_o defender; both her her 1t.y ~n h~r rehg10us tendency 
will be umversally acknowlrd(T d . But f r th1 purpose one more 
generation must first pa awny. 
Perhaps it may seem to some of you a a tartling paradox, but it 
is nevertheless a fact, that t he hortn of human life is one of the 
most powerful element of hum n pro r It would seem as if the 
human mind grow and develop , th phil phy and opinions which 
govern the conduct of life continue t b m difi d and moulded, until 
about the a~e of twenty-five or thirty, w h n the character becomes 
unc'hangeable, opinions become prcjudic s, and the whole mind, as it 
were, petrified. :Further pro r . w uld be impossible, but that 
another generation, with mind till pln., tic, com forward, takes up 
and carries on the work a few t p , ancl b c mes petrified in its turn. 
There are certainly some noble c.·ception t thi rule-instances of 
minds which with their maturity retain the pla ticity of youth-but 
the very rarity of the exception only prov the rule. 
You doubtless recollect that the childr n of I rael wandered forty 
years in the wilderness before they were fit to enter the promised 
land. The marks of Egyptian bondage wer upon their souls as well 
as upon their necks. One generation mu t fall in the wilderness, and 
a new generation, free from Egyptian pr judices, must arise . . We 
are apt to look upon this as an is lated fact in history, and entirely 
characteristic of this peculiar people. On the contrary, it is a fact 
?f deepest significance in the philo ophy of human progress, ~nd 
rnte~ded for the instruction of u all. T this day it seems to be un-
poss1ble that any great step should be made in the intellectual progress 
of our race, except by the sacrifice of at least one generation . We 
are even no:w in the midst of uch a great change, brought ab?ut by 
th_e revelat10ns of geology. One more aeneration dropped_ m the 
wilderness and we are fairly in the promi ed land . Do not m~s~nder-
stand me, however, as q uan ellinO' with this conservative spint ). on 
the contrary, this brake upon the bw heel of the car of progress seems 
absolutely necessary for its steady motion. 
But I find I am ab(Tain digressin o- and therefore hasten to return to 
b. o, my su ~ect. . 
I have said that the field of creoloo-y is the universe of time. It 18 
one of ~hese time-worlds of wbhich 0 1 wi h to draw a true, though 
necessarily an outline picture in the next two or three lectures. I 
s~all not att_empt mo/e than an outline, for this would only t ire y_cm 
~
1th a multitude of details, but shall seize, if possible, the most stnk; 
i~g features, ma~e a comparison between this and other subsequ~nh 
t!11e-worlds, particularly our own and endeavor to :find the law whic 
mtls the whole into one system. ' 
Am?ng the many time-worlds of which geoloO'v tells us I select bt~t 
one VIZ: the Co p I . . . c,J • h l•nozotC t' ' AL ERIOD. ts pos1t10n 1s far back m t e pa cv 
Imes. Measuring f b · · · · f h fl ed stars, 
a.lthou h ime Y space 1t 1s m the region o t e x Id 
g one of the brightest in the firmament of time. If I cou 
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transport you in imagination to the surface of Sirius ; if I could draw 
a picture of its physical geography, climate, and, more than all of its 
inhabitants, who in this audience would remain unmoved? 'Shall 
the interest be less because the separation from us is by time instead 
of space; because the place is our own earth, and the materials of the 
picture beneath our very feet? 
The coal period is a world distinctly separated from those which 
precede and those which follow it. As in the geographical distribu-
tion of fauna and flora upon the surface of the earth at the present 
time, we find in some cases contiguous fauna and flora seem to inter-
penetrate or pass by insensible gradations into one another; the 
species on the confines of each dying out in number but not in specific 
character, insensibly replaced but not transmuted. So also in the dis-
tribution of fanna and flora in time we find some ( as, for instance, 
those of the tertiary) which pass by insensible gradations into one 
another, or interlock with the preceding and succeeding, although 
only by gradual replacement, not by transmutation. But as in 
geographical distribution we also find many fauna and flora com-
pletely isolated by physical barriers, mountain chajns, oceans, or 
deserts, from contiguous fauna and flora, so also in geological dis-
tribution we find creations are often distinctly separated from other 
creations contiguous in time, by physical barriers in the form of con-
vulsions of the earth, and marked by broken, dislocated, and upturned 
strata. In the history of the earth there seems to have been many 
such successive creations completely destroyed by convulsions ; in 
other words, the ti"me-worlds are apparently separated by blank 
spaces, whose dimensions we have no means of estimating. Such a 
distinct world is the coal period, with its faun(;:. and flora distinctly 
separated from the old red sandstone which precedes, and still more 
so from the new red sandstone which succeeds. A distinct world-
completely circumscribed in time-having its own poles and equator. 
Now, in geology, history is recorded upon tablets of stone-stratified 
rocks. Time is represented by their thickness; remarkable events by 
their dislocation; the fauna and flora by the contained fossils. Let 
us, then, examine the strata which represent this period. 
They are called ,.the "carboniferous strata," and the period the 
"carboniferous period," from the remarkable fact that they contain 
almost all the coal which is found in the world. The deposit of car-
bonaceou~ matter is not indeed confined to this period, for it has oc-
curred in every period of the earth's history, as evidenced by the fact 
that thin seams of coal are found in all the strata. Similar deposits are 
still g?ing on in peat bogs and deltas o~ the present day: But the accu-
mulat10ns of carbon in the strata of which we are speakmg are so enor-
mous, in comparison to those found el~ewbe~e, that the nam~ carbonife-
rous, as applied to these strata and this period, becomes entirely appro-
priate. With the single exception of th~ oolite strata, _whic~ be~on~ ~o 
the secondary period and in which coal 1s profitably mmed m Vugmia 
and in England all} known coal mines belong to the carboniferous 
strata. The k~owledge of this simple fact wo~ld h.ave saved the 
~seless expenditure of millions of dollars, both m this country a~d 
lll England. It is worse than useless to expend money and labor m 
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following up signs of coal, unless we are sure we are in the region of 
the carboniferous strata. 
The carboniferous stra~a ~re subdi-~i~~d into two very d~stinct groups, 
representing, of course, d1stmct subchv1s1~~ of the carbomferous period. 
These are called lower and upper carhomferon , or the mountain lime-
stone, and the "coal measur s." The f rmer are mostly limestone, 
the latter mostly shales and sand tone; tbe one mostly of marine 
origin, the other mostly fresh water; ~he fo i1s of the one are mostly 
marine animals, of the other terre tnal v getation. I shall confine 
myself entirely to the latter, or the true "coal measures, " as they are 
called, from the fact that ninety-nine hundredths of all the coal in the 
world are found in them. 
I ou will observe, then, that I have taken for my subject one-half 
of the carboniferous period. 'rlte carbon if rou is it elf but one of the 
four great subdivisions of the pale ~zoic period, and the paloozoic period, 
in its turn, only one of the four o-reat pochs, exclu i ve of the present, 
into which the history of our earth i divided. You see, then, that 
the period of which I wish to give you a rapid ketch is less than 
one-thirtieth part of the recorded hi tory of the earth; yet the average 
thickness of these strata is about ,000 or 4,000 feet. In Wales they 
are 12,000 feet thick, and in Nova cotia nearly 15,000. If, then, 
thickness of strata represent length of time, how great must be the 
lapse of time represented by th coal measures. 
Such being the enormous thicknes of the coal measures, it neces-
sarily follows that but a very small proportion of tbe mass consists of 
coal. The coal strata consist of thick beds of limestone, sandstone, 
ironstone, and sbale, containing thin earns of coal, and this alterna-
tion sometimes many times repeated in the same locality ; the whole 
f~rming a series like the sheets of a ream of paper, arr an ~ed in no 
discoverable rational order, but indiscriminately alternatmg. The 
seam of coal will sometimes be covered with a stratum of limestone, 
sometimes of standstone, and sometimes of shale; although it rarely 
h~ppens that the sandstone or limestone comes directly in co~tact 
with th~ coal; but is generally separated by a stratum, sometimes 
very thrn, of shale or slate. ln fact a stratum of clay or fine mud 
rock both underlies and overlies each seam. Below it forms the "fire 
clay," _and above the black slate of the miners. · · f 
F,g.1. I have said that the order is various in different parts 0 
~~O:: -=--'::::._--,_ the same alternating series; but in every part of the samf 
sd ... : :- ·:.·: coal field the alternation is the same for tbe same part f 
~i; :: ~ --- -_ the series. In other words each stratum is general Y 
8
• .. ·:· :,: ·: :: horizontally extended over the whole coal field in a con-
s. .. . . . . . t. h . . d by the 
Sh •. ~ ~ - muous s eet, so that each seam 1s accompame . t 
8th .. - -=---- same strata above and below. This is a fact of ~r.ea 
·.. · · f d t mmg s . .. -. \ · ·. ·: importance, as 1t affords the readiest means o e erm 
t . .. =--=- the identity of ~ndividual coal seams. . at 
Sh .. ·"-== 2 Coal strata, like all other sedimentary deposits, we:e 
8b .. - - - - the time of formation horizontal or nearly so. Sometnn~s 
th f' d ' · f as 1n ey are oun nearly in this their original posi wn, h's 
m~ny of the coal fields of our own country More generally t; 
original horizontality has been disturbed by igneous agency, aod t e 
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coal strata are found in the form of basins. Sometimes the strata are 
so folded as to give rise to series of basins belonging to the same 
Fig. 2. Fig. 3. 
original field. Whether, however, the strata retain their original 
horizontality, or are thrown into bas~n~ by igneous agency, seldom or 
nev~r do we find the ~hole of the ongrnal mass deposited. A large 
port10n has been earned away by aqueous agency. Frrw this cause 
a large coal field, cove.ring many thousands of square miles) may exist 
only in the form of ISolated mountains or detached basins of coal 
strata, as in the accompanying figures, where all the mass represented 
Fig. 4. Fig. 5. 
Fig. 6. 
by the dotted lines has been carried away by denuding agencies. 
Thus, for instance, nearly the whole of Illinois was originally occupied 
by a vaHt coal field, but little disturbed by igneous agency, but by far 
the larger portion of the coal strata of this immense field was carried 
away by denuding agencies. 
You will observe, then, the striking difference in mode of occur-
rence between metallic ores and coal. The former are associated with 
rocks of every age, except, perhaps, the tertiary; the latter almost 
~xclusively confined to those of a particular a~e. The former exist 
m the form of veins intersecting the strata, the latter in the form of 
seams parallel with the strata. The former extend indefinitely down-
wards, the latter horizontally. The former are the result of igneous 
agency, the latter of sedimentary deposit. Ignorance of this simple 
but radical difference has been the cause of much pecuniary loss, and 
~eems not yet entirely eradicated. When, for instance, some years ago 
it was rumored in the streets of Philadelphia that the bottom of the 
Mauch Chunk Summit mine was reached, there was an universal panic, 
and stocks in coal mines went down enormously, not knowing that the 
continuation of coal seams was to be looked for horizontally rather 
than vertically. 
Thi~ simple rule, when taken in connexion wit~ the one previousl_y 
enunciated, viz: that a coal seam throughout its whole extent 1s 
~ttended both above and below by the same strata, would render the 
identification of coal seams, and the tracing of them across valleys 
from hillside to hillside, a matter of little difficulty, were it not for 
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dislocation of the strata, producing what are called faults, slips or 
troubles. In the accompanying figures, for instance, the strata h~ve 
Fig. i. Fig. 8. 
been displaced by the elevation of one part of the field more than 
another. This is not conspicuous on the surface, because all has been 
cut down to one level by aqueous agencies. The supposed configura-
tion of surface immediately after such unequal elevation is represented 
by the dotted outline ; the strong line represents the present configu-
ration of surface. All between these, therefore, represents the 
amount of matter carried away by denuding agencies. These faults 
occur very often in coal fields, and are a source of serious annoyance 
to the miner. 
I have taken here the simplest case of dislocation. The difficulty 
becomes very much greater when, instead of being horizontal, the 
strata are highly and variously inclined. In such cases the skill and 
knowledge of the geologist is often tasked to the utmost. 
I have said that while metallic veins extend indefinitely downwards, 
coal seams for the most part are extended horizontally, or nearly so. 
Sometimes, however, coal seams may appear, like metallic veins_, to 
extend downwards. This is the case in highly inclined and parti~u,. 
larly in vertical strata, as in the accompanying sketch of the anthrac1Je 
coal field of Pennsylvania. In such cases, however, as well as m 
every other, it will be observed that the seams are strictly parall~l 
with the strata, that the strata have been elevated to a vertical posi-
tion by igneous agency, and the included coal seams have been raised 
with them, still maintaiuing their relative position. 
The thickness of coal seams varies from a few lines to many feet i 
sometimes they exist as sheets as thin as paper, in others in masses 30 
or 40 feet thick. A single seam of pure coal, however, is seldom m~re 
than 6 or 8 feet thick. It is true that in France and in the anthracite 
region of Pennsylvania they are said to occur 60 or 70 feet thi~k, or 
even more, but upon close examination such mammoth seams will bf 
found to consist of two or more seams, separated by thin laminre 0
1 slate; too thin, however, to form a roof, and, therefore) the severa 
seams are wrought together as one. 
. The nu'!flber of scams occurring in one locality and separated by 
mterstrat1:fied sandstone and shale is sometimes as great as one 
hundred, and their aggregate thickness one hundred and fifty feeii 
Enormous as is this mass of carbonaceous matter it is but a srna 
fraction of the entire mass of the coal strata. The thickest and pureat 
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ms are generally near the middle of this series ; as if the conditions 
tiecessary for the formation of coal had gradually come into existence 
ad 88 gradually disappeared; that there were two poles and an 
equator belonging to this time-world-a morn, noon) and evening to 
this geological day. 
We ha.ve spoken thus far only of the thickness of coal strata and of 
eoal seams; but it is impossible to form a correct idea of the amount 
of matter contained in these strata or in these seams without taking 
into account also their horizontal extent. Coal is very widely dis-
tributed over the world) although some countries are more favored 
Ulan others. England, France, Spain, Portugal, Belgium, Sweden, 
Poland, and Russia have their beds of coal. It is also found abun-
dantly in Asia, Africa, and South America; but no where is the coal 
formation more extensively displayed than in the United States) and 
nowhere are its beds of greater thickness, more convenient for work-
ing, or of more valuable quality. There are within the limits of the 
United States no less than four coal fields of enormous dimensions. 
One of these, the Appalachian coal field, commences on the north, in 
Pennsylvania and Ohio, sweeping south through western Virginia 
Fig. IO. 
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eastern Kentucky 'rennessee extends even into Alabama. Its 
area· · ' ' ' th 18 estunated at about 60,000 square mileA. A second occupies 
8 greater portion of Illinois and Indiana; in extent almost equal to 
1 
Recent es;::tes by Marcou and by H. D. Rodgers make the coal area of the United 
near 200,000 square miles. · 
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the Appalachian. A third covers the greater portion of Missouri, while 
a fourth occupies the greater portion of Michigan. Just out of the 
limits oft.be United States, in New Brunswick and Nova Scotia, there 
is still a fifth, occupying, according to Mr. Lyell, an area of 36,000 
square miles. Besides these there are several others of less extent. 
If we now compare the relative coal areas of the principal coal pro-
ducing countries, the superiority of our own will be still compicuous. 
The fol1owing diagrams represent these relative areas in a more in-
telligib]e form than cou]d be done by mere figures. 
But if, on the other hand, we compare in the same manner the 
relative annual production of the same countries, we will find the 
order very different. 
Belgtmn 
4.960.000 
'Ilms 
Fig. 11. 
Great Britain 
Anni-,_,az Prod:zlCti..on 
31.50 O.OOOTons 
United States 
4.400.000 
Tons 
France 
4.141.600 
Tons 
. It will be seen tb~t the annual production of coal in Great Britain 
1s more than seven times that of the UnitLd States although her coal 
area is so much less. It is estimated that evrn at this enormous rate 
of production tbe coal fields of Great Britain will yet last for 500 
years. There is little danger, then that ours will fail us shortly . 
. N.ow i~d1;1stry, as the basis of the' organization of society, forrJ? th0 
di_s~rngm hmg feature of modern civilization. Coal is the very ahm~~: 
of mdu try. The material prosperity of any country may theretoi 
be tolerably accurately estimated by the amount of coal consumed. 
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According to this method of estimation, Great Britain is superior to 
all other countries in actual material civilization. But if tho con-
sumption of coal is a measure of the actua11 civilization 0f a country, 
the amount qf coal area represents its P 'Jtential civilization. How far 
are we superior to all other countries in this respect! What a glorious 
destiny awaits us in the future-a destiny already predetermined in 
the earliest geological history of the earth. 
One more remark and I am done. It is certain that, as manu-
facturing and productive industry take root and flourish almost ex-
clusively in c:·ol and temperate climates, so also in them do the coal 
formations prevail in the greatest abundance. Our scientific maps 
and investigations confirm the one, and national statistics the other. 
Almost all the true coal of the world is found in the north temperate 
zone. Thus the climates which are most congenial to laborious occu-
pations, the latitudes best adapted to the vigorous growth of industriul 
civilization, are precisely those where, fortunately, have been placed 
the materials of labor, the aliment of industry. Fortunately did I 
say? No; this has not been the result of blind chance, but of, 
deliberate providential design. We have here a sublime illustration,, 
of that all-comprehensive foreknowledge which foresees and designg .. 
the end from the beginning; of that immutability which changes not, , 
but only unfolds its eternal plans; of that unity in the sy8tem of · 
time-worlds of which I have already spoken, our own epoch being the· 
sun and centre. 
THEORIES OF THE COAL. 
There is no point connected with the coal which has been the· 
subject of so much discussion as the manner of its accumulation. At 
fir t view, existing nature seems to offer no analogy to guide us in . 
our attempts to accrmnt for such enormous accumulations of carbona-, 
ceous matter. It is admitted, however, I believe, on all hands, that 
the deposit must have taken place in water. The perfect preservation 
of the carbon of the plan ts, and often of their external forms and 
structure, which must have suffered complete oxydation and disinte-
gration if exposed to the air, the fact that the plants were most or all 
of them swamp plants, and, more than all, the alternation of coal 
seams with sedimentary deposits of clay and sand, all seem to point 
unmistakably to water as the preserving agent. There is still 
another evidence which I think bas generally been overlooked. In 
the midst of the more structureless bituminous matter of the coal are · 
ofte.n found imbedded wedge-shaped masses of vascular tissue called 
n~t1ve carbon. No one who attentively examines these wedges can 
fail to perceive that they are the wooden wedges of exogens separated 
by the decomposition of the softer cellular tissue of the intervening 
medulla_ry rays, while they floated as logs upon the water and finally 
ecame 1mbedded in the carbonaceous mud below . 
. Thus far I believe all theorists agree. But from this poi~t opinions 
diverge; some geologists holding that the coal was deposited on the 
spot where the plants grew, others that the plants were drifted in the 
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form of rafts to great distances and deposited at the mouths of rivers. 
the former, that a coal b~s~n is the site _of an ancient peat bog, th~ 
latter, that it is the pos1t10n of an ancient estuary or delta. The 
former opinion is called the "peat bog theory," the latter the 
'' estuary thwry. '' 
Peat bog theory.-It is well known that in many countries, par-
ticularly jn moist, cool climates, and damp, low grounds, certain 
plants , such as ferns, mosses, &c., as well as trees which delight in 
moist places, if allowed to grow undisturbed from generation to 
generation will, by their decay, accumulate enormous masses of car-
bonaceous matter. Such a spot is called a peat bog. The theory of 
this accumulation is as follows: Plants derive all their carbon from 
the atmosphere. In the annual fall of leaf, and finally their own 
death, they return to the earth the whole of the matter thus silently 
extracted from the air. Undisturbed vegetation, therefore, constantly 
enriches the soil by adding to it what has been taken from the air. 
Thus worn out lands improve by lying fallow . Thus the rich black 
vegetable mould found covering the ground in forests continues to 
increase from year to year. In all ordinary cases, however, there is 
. a limit beyond which this accumulation will not go. By decom-
position the organic matter is again returned to the atmosphere as 
;,fast as it accumulates. But if by any means this decomposition is 
·, prevented the organic matter accumulates indefinitely. This is 
; precisely what takes place in peat bogs. The presence of water 
1 .in a great measure prevents the oxydation of the carbon. The 
. growth of plants now continually takes carbon from the atmosphere, 
· their death as continually deposits it upon the earth. Each genera-
tion rises, phrenix-like, from the ashes of the last, to become in its 
· .turn soil for the next. Thus the ancestral accumulation continues 
· to increase, t_he ~uneral pile continues to rise, until pure carbonaceous 
, matter may m time accumulate to the depth of thirty or forty feet. 
, Such a mass of carbonaceous matter deprived of its water and com-
. pressed to the density of coal, would make a seam of perhaps tbr~e 
, or four feet in thickness. Now, according to the peat bog theory, it 
js under such circumstances that the carbon of a coal seam has been 
: accumulated. 
The arguments in favor of this theory are : 1st. The purity of the 
, coal. It is true that coal is often found largely mixed with ear~hy 
matter or mud. As we have already shown, every stage of gradation 
: may be trac_ed between pure coal and pure shale. But _by far the 
larger portion of coal seems to be entirely free from foreign matt~r. 
' The amount of ash is not greater than five to ten per cent.; that 1s, 
not grea!er than might arise from the earthy matter of t~e ~}ants 
from w h1ch the coal was derived . This purity of the coal mdicates 
complete absence of sediment in the water in which the coal w_a 
o:tiginally laid d?wn. Now the water of peat swamps, though dis-
• colored by orgamc matter in solution is al ways entirely free from 
t ~ediment. In fa~t, thi~ seems a necess~ry condition of the growth of 
. peat plants-an mcurs10n of water containing mud is fatal to uch 
. 1,lants. If, then, a coal seam is the result of carbonaceous matter 
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slowly accumulated at the bottom of ancient peat swamps, the purity 
of the coal is completely accounted for. But if, on the contrary, it is 
formed by the accumulation of timber carried down to the mouths of 
great rivers during freshets, it should always be largely mixed with 
mud. 
2d. The fine preservation of the tenderest and most delicate parts 
of plants. We have already spoken . of the profusion of finely-
preserved leaves and entire fronds of ferris in the black slate overlying 
a coal seam. So perfect is this preservation that large and complex 
fronds are often entirely unbroken, and even the minutest variation 
of the leaves as distinct as in the living fern. This fine preservation 
of tender parts seems strongly to indicate that these leaves had fallen 
gently from the parent stem, and been preserved on the spot where 
they foll. It seems utterly inconsistent with the violent action of 
currents bearing rafts to great distances. 
3d. The position of the :finely-preserved leaves, &c., always on the 
upper surface of the coal seam, (roof of the coal mine.) Precisely 
the same is observed in every peat swamp. The perfect leaves are to 
be found only on top, for the plain reason that these are the last 
fallen, and therefore not yet disorganized. But in the case of accu-
mulations of vegetable matter at the mouths of rivers, there seems to 
be no reason why leaYes should not be entangled in all parts alike. 
4th. Coal, like peat, is composed of completely disorganized carbo-
naceous matter, containing fragments in which vegetable structure is 
more distinct. This is not inconsistent with what I have already 
said in my last lecture of the vegetable origin of even the most 
structureless coal being detectable by the microscope. Plants are 
composed entirely of cells. Both in peat and in coal these cells are 
generally separated from one another. The vegetable structure is 
completely disorganized, but the separate cells still bear unmistakable 
marks of their origin; the organic structure is gone, but the organic 
origin is still visible. But if a coal seam was an imbedded r ~1.ft, it 
should be composed almost entirely of fragments of trunks, branches, 
&c., instead of a structureless mass containing only a few such 
fragments. 
5th. It will be recollected that a seam of coal is overlaid by black 
slate and underlaid by fire-clay. In the black slate, as already said, 
are found the finest impressions of leaves and other tender parts ; in 
the flre-cl"y, which underlies the coal seam, are found imbedded in 
the greatest abundance the roots of plants, and not unt'requently the 
stumps of trees with the roots attached, precisely as they grow. And, 
what is still more remarkable and significant, trunks of trees are not 
llnfrequently found almost entire, standing erect, with their roots still 
becl?ed in the fire-clay, their trunks pass in~ through the ~1eam, and. 
fax: into the overlying strata of shale and limestone. By means of 
e~1d_cnce of this kind Lyell and Dawson have _bee~ able to make out 
di. tmctly nearly 60 planes of succeseive vegetatwn m the coal fic_ld ?f 
ova l'c;otia. In many of these, viz: about 20, the trees are sl1 ll m 
The position in which they grew, as shown in :fignre 12 ; of the rest 
the evidence consisted in the irubedded stigmaria or roots of sigil-
laria. 
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In the cases in which these 
trunks and roots, in situ, are 
found, (and they are by no 
means uncommon,) the evidence 
is conclusive that the coal was 
formed on the spot where the 
trees grew; in other words, that 
the gr0wth of the trees and the 
deposit of the coal took place 
simultaneously on the same spot. 
This is clearly impossible in an 
, , ......:. estuary, but is known to take 
:::--...:::: ~ ;::--..__ ~ l . 
._____:::....____;:,.._;:_----""':=....:,~"""'--""--'--=-~~~ p ace rn every peat s warn p. 
To recapitulate the w bole argument: If we examine a peat bog 
which has been for many years thickly overgrown with ferns, mosses, 
and water plants of various kinds, and shaded by many large trees, 
we find the soil composed entirely of black carbonaceous matter, 
wholly destitute of structure but revealing its vP-getable origin to the 
microscope, containing fragments of trunks and branches of trees 
lying in all possible positions, some prostrate, some inclined at all 
angles, many, both living and dead, still erect, their roots firmly fixed 
in the clay at the bottom of the bog, below the peaty matter which 
has slowly gathered about their lower parts, and over the whole lie 
thickly strewn the freshly fallen leaves. Now suppose such a peat 
bog to be deeply buried beneath the surface of water and overwhelmed 
with sediment of clay and sand, and again, after ages, elevated and 
exposed by section to the scrutiny of the geologist, and we shall have 
a complete reproduction of the phenomena of a coal seam. . 
The great, and almost the only, objection which has been urged agarnst 
1his theory is to be found, not in the phenomena of an individual coal 
seam, but rather in the general phenomena of coal basins, in the re-
peated alternation in the same locality of coal seams with marine and 
fre1<h water strata. We have already seen that there are in the same 
coal basin sometimes as many as an hundred coal seams, one above ~he 
other; now, according to this theory, when the coal seam was for_mrng 
the spot must have been above the surface of the sea, but when the rnter-
stratified limestones and shales were being deposited the same spot 
must ~ave been beneath the sea-level. Thus} argues the objector, we 
are driven to the enormous. assumption that the sa02e spot has been 
successivel~ upheaved above and depressed beneath the sea-le~el 0?e 
hundred times during the carboniferous period, and, what is still 
more remarkable~ that e~ery time it rose above the sea it .became f 
peat_ swamp ; _or 1f the rntervening strata are fresh water rnstead 0 
marme, the difficulty seems only to be increased. 
Er;/~tary theory.-It is to meet this very difficulty, to account 
for tl11s remarkable alternation of strata that the rival theory ha 
?een_ propo._ed. An ~st~ary is the wide o'pen mouth of a river em_pty-
rng rnto a tidal sea; it 1s occupied sometimes by fresh and some_tirne 
by ~a_lt wa_ter. The deposit at the bottom of an estuary, in sllltable 
positwn-., 1 ·, therefore, an alternation of fresh water and marine strata. 
1 seasons of freshets the river water loaded with sediment anti , 
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perhaps bearing rafts of drif~ timber, [orces back the sea water, _oc_cu-
pies the estuary, and makes its deposit of clay and sand, contammg 
fraO'ments of such drift timber; in seasons of low w·ater th.e ocean 
ret~rns and makes its deposit, per4aps of limestone, and so on alter-
nately. A coal field is supposed by these theorists to be the position 
of an ancient estuary ;- the limestone strata are the marine deposit, 
the shale and sandstone the river deposit, and the coal seam the 
imberlded drift timber brought down by the river from di~.:tant forests. 
The o~iections to this theory are all that has been said in favor of 
the peat bog theory. The pureness of the coal, the fine preservation 
of even the tenderest parts of plants, the position of tluch well pre-
served specimens always on the upper surface of a coal seam, the 
structureless character of the great mass of the coal, and, above all, 
sturn ps and trunks of trees still erect, with their roots still fixed in 
the clay stratum below-all this seems not only unaccountable but 
impossible on this theory. 
In comparing these two theories it will be seen that the first ex-
plains c11rnpletely the phenomena of an individual coal seam, but 
signally fails to explain the general phenomena of a coal basin, viz: 
the alternation of coal seam with marine and freeh water strata; while, 
on the other han J, the second explains well this alternation, but fails 
utterly to explain the phenomena of an individual coal seam. There 
is, then, real and substantial evidence in favor of each, and equally 
substantial objections. If this had not been the case one or the other 
would have been relinquished ere this. But we find, on the contrary, 
that they have both found strenuous advocates from the time geology 
commenced to exist as a science until now. In every such case of 
vitality in rival theories it will be found, I think, that there is a real 
germ of truth in both-that both are true and both are false ; both 
true in some EJense, and therefore reconcilable; and both false through 
n_arrowness of view, through exclusiveness, through mistaking a par-
tial for a general view. I can best illm,trate my meaning by referring 
yo~1 to the familiar but very instructive fable of the shield, which 
being distinctly seen by two knights of equally good eye sight and of 
undoubted veracity, was declared by one tu be white and by the other 
to be black. You will recollect that, after several lances were broken 
and many wounds and bruises endured to decide the knotty point, it 
~vas discovered by some one who, strange to say, was more interested 
m the truth than in the dispute, that one side was white and the other 
was black. The di~putants were both right and both wrong, but 
v.:rong only by exclusiveness, by mistaking a partial for a general 
view. So it is with almost all vexed questions. There is truth on 
both sides, but both err in excluding the other. We are seeking in 
t?e right direction when we attempt to show the partialness of both 
Vtew • We have risen to a higher view, to a phil~sophic ~ruth, ~hen 
we show that these two partial and apparently Irreconcilable vie~s 
may be united into one · these two snr1ace views may be stereoscop1-
cally combined. ' 
There is an old and much quote<l adage, that "truth lies in the mid-
dle" between extreme opmions. As generally understood nothing 
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can be more false or hurtful. Through its influence a merely timid 
or temporizing policy is mistaken for wisdom, the "fence man" is 
mista·ken for the philosopher. There is another old adage, that 
"extremes meet;" i. e., what to the superficial observer seem to be 
extremes, to the deeper thinker are often really closely allied. But 
the converse of this proposition, though not erected into an adage, is 
even more profoundly true, viz: that what seem to be closely allied 
are very often real extremes. There is often a superficial resemblance 
between the highest and the lowest, so that by the unthinking multi-
tude the one is often mistaken for the other ; pride for nobility of ~oul, 
humility for mean-spiritedness, the serenity of self-command for the 
serenity of insensibility, &c. It is only in this way that the "fence 
man" resembles the philosopher, for they are as wide apart as the 
poles. It is in this way only that truth seems to "lie in the middle," 
although we are further from it there than anywhere else. To refer 
_ again to the fable of the shield: It would have been a poor solution 
of the famous dispute to say that the shield was neither pure white 
nor pure black, but midway between the two extremes; that it was, 
in fact, some shade of gray or dusky, or, perhaps, pepper and salt. 
No; I repeat, truth lies not "in the middle," but the reconciliation of 
extremes in the harmonious combination of apparent antagonisms. 
Now, it seems to me that the phenomena of a coal seam already 
enumerated prove most conclusively that the coal was formed in situ, 
as in the peat swamps of the present day. At the same time the fre-
quent alternation of seams with marine and fresh water strata prove 
also most conclusively that the deposit took place at the mouths of 
rivers. Here are two incontestible facts. We must put them to-
gether; we must combine them if we would make a true and sufficient 
theory. I believe the more this subject is reflected on the more we 
shall be convinced that coal was deposited in peat swamps at the mouths 
of large rivers, and therefore subject to overflows by the river and 
occasional inundations by the sea. We are to look for analogies in 
existing nature, not among the bogs of Ireland, but among the river 
swamps of the Mississippi. 
It is we~l known that such peat swamps, some of them of eno.r~ou~ 
extent, exist now on the margins and in the delta of the Miss1ss.1pp1 
a~d proba~ly mal).y other large rivers, and that pure peat unmixed 
with mud 1s constantly forming in these swamps, although they are 
annually flooded by the river. This seem'3 at first incredible, when 
we recollect that the river water is foaded with sediment, and that 
sediment preve~ts the growth of peat plants, or at le:ist would entirely 
des~roy the pu_nty of the peat. But this apparent anomaly has b_een 
entirely explarned by Mr. Lyell. According to this high authonty, 
a!though the peat swamps of the Mississippi are annually floo?ed by 
river water they are entirely untouched by river mud. These favored 
spots are surrounded, particularly on the side next the river, by dense. 
-yegetation, which, acting as a sieve, completely strains the water of 
~ts mud before it reaches the pe t swamp. The water of thrse swamps 
18 therefore pure, and pure peat has been quietly depositin(T there for 
ages. b 
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Let us now euppose that Fig. 13. 
there existed during the .------------------, 
carboniferous period a large 
river, perhaps less than the 
Mississippi, but with enor-
mous swamps and delta, 
overgrown with rank vege-
tation far surpassing in 
luxuriance anything we 
know at the present day. 
In the midst of such swamps 
there would evidently occur 
spots of great extent, the 
waters of which, for the 
reasons already mentioned, would never be contaminated with sedi-
ment, as at (a) fig. 13. Here for untold ages pure carbonaceous matter 
would accumulate undisturbed. In the course of time the surround-
ing portions of the swamps (b) where the mud is detained would rise 
by deposit of sediment, while the peat swamp (a) would remain as a 
sunken country, such as exist now in the swamps of the Mississippi. 
Finally, at uncertain intervals, a more than usually large freshet, or 
perhaps some change in the level of the land, would deluge the swamp 
with mud and bury the peat. Gradually the vegetation would re-
turn, and the former condition of things be restored, to pfiss again 
through the same changes. We have but one other supposition to 
make, viz: that the whole river swamp and delta were gradually sub-
siding during the whole carboniferous period. 'l1his is by no means 
a violent supposition, but one which we have a ri~ht in this case to 
make for two good reasons : 1st. We have the best evidence that 
~any of the large deltas of the present day are thus subsiding. This 
1s proved in the case of the Mississippi delta by cypress stumps in situ 
below the level of the sea. 2d. The coal strata themselves give indu-
bit~ble evidence of gradual subsidence during the period of their de-
posit. The character of these strata and their fossils shows that they 
were deposited in shallow water, but tbeir enormous thickness (nearly 
three miles in Nova Scotia) renders this clearly impossible, unless we 
suppose such subsidence ; for, if the bottom was stationary, it must 
have been three miles below the surface of the water when the lowest 
stratum was deposited. Now, if such subsidence went on constantly, 
but slowly, so that, under ordinary circumstances, the delta could be 
mai_ntained by deposit from the river, but at uncertain intervals, mo~e 
rapidly than the river could build up, so that the sea would again 
usurp possessiou and make its deposit of limestone, and again more 
Rlowly, so that the area might again ue reclaimed by the river, and 
become a peat swamp, and so on alternately, we should easily, with-
out_ any violent hypothesis, account for all the phenomena. of a coal 
basin. 
It will be observed that by this hypothesis the area of a coal basin 
ha , indeed, been successively above and below the sea-:urfo.c , but 
not by successive upheaval and depression, as it has been supposed 
nccest,ary on the peat bog theor7, but by the contention, with various 
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success, of opposing forces, aqueous and igneous, the rive~ constantly 
building up, and igneous forces beneath as constantly striving to de-
press; sometimes one force predo_minating,_some~i~es the other. Of 
such contention we have many rnstances rn ex1stmg nature. It is 
evidently going on in the delta of the Mississippi at the present time. 
It may not be possible, in the present condition of science, to picture 
to ourselves all the circumstances connected with this process. Per-
haps I have already gone too far in this attempt; but the general 
facts upon which the theory rest are incontestible. Co3.l has alm0st 
certainly accumulated in sit·u in extensive peat swamps at the mouths 
of large rivers, upon ground which was slowly subsiding during the 
whole period. Uno.er these circumstances it seems not difficult to 
account for all the phenomena of a coal basin. All we have to do in 
future is by study of the peat swamp of the Mississippi and the phe-
nomena of delta deposit to discover the detaila of the process, to fill 
up the outline of the picture. 
There is a fact noticed by Mr. Lyell, which is strongly confirmatory 
of this theory. In the sandstone of the coal measures it is common 
to find trunks of trees, but only trunks-no small branches, leaves, or 
tender parts . Moreover these trunks are observed to be mostly pines, 
highland trees; while the trunks in the coal seam proper are sigilla-
ria, lepidodendron, calamites-swamp trees. Now, when we recollect 
that coarse sand8tone is the deposit of rapid current, does it not seem 
evident that the sandstone was deposited by the freshet which ov~r-
whelrned the peat swamp, and that the pine trunks are the rernams 
of drift timber brought from the highlands. Here, then, we have 
ancient drift timber, but how different from a coal seam ! 
Le~ us now attempt to estimate approximatively the time necessary 
to bnng about these stupendous results. I believe we should never 
neglect an opportunity of this kind, because the popular mind has not 
yet grasped the idea of illimitable time required by geology to the 
same extent as it has the idea of illimitable space req nired ?Y 
astronomy; and, as I believe this is one of the greatest difficulties 
with which geology has to co~tend. 
Acc~rding to Boussingault luxuriant vegetation at the present day 
takes from the atmosphere about a half ton of carbon per acre a~nu-
ally ~ or 50 t?ns ~er acre in a century. Fifty tons of carbon ot the 
specdic gravity of coal, about 1.50, spread evenly over the surface of 
an acre, would make a layer of less than J.. of an inch. Humboldt 
mak<s the es~imate a ~ittle higher, viz: ½ :n inch. We are willing 
to take the h1gh~r estimate. It appears, then, that if all the carbon 
t~ken from t~e air was preserved in the form of coal, our most luxu-
rnwt vegetat10n would make but a 1. inch of coal in a century. But 
in the coal measures the aggregate t2hickness of the coal seams in the 
same basin is sometimes 150 feet or more In 150 feet there are 
1,800 _inches, or 3,600 half inches. At the p·resent rate of vegetation, 
th~n, it would take 3,600 centuries, or 360,000 years, to accumula.te 
trn~ amount. But it will be objected that the vegetation of the coal 
peno<l was prol_>abl_y m.ich more luxuriant than the present, and th0 
!end. ncy of this difference would be to shorten the time. '.I.1rue; but 
it will be recollected that this estimate was made upon the ground 
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that all the carbon was preserved. This is in the highest deo-ree im-
probable, not to say impossibie. Probably much more than half was 
returned to atmMphere in the form of carbonic acid and carburetted 
hydrogen. Again, we have taken no account of the enormous periods 
of time during which there was no carbon deposited on the spot in 
question, and represented by the intervening strata of limestone, 
sandstone, and shale . The estimate we have given above, therefore, 
probably falls very far short of the truth. Let us try another. 
Acconling to Messrs. Lyell and Dawson the coal strata of Nova 
Scotia are about three miles in thickness at the South Joggins. At 
another poiut, nearly 10(1 miles di~tant, (Albion mines,) they found 
the thickness nearly the same . There is little danger, therefore, of 
erring on the side of excess, if we take the average thickness of the 
strata over the whole basin at one and a half miles. Now, the area 
of this coal field, according to Mr . Lyell, is about 3,600 square miles. 
This would give, as the solid contents of these strata, 54,000 cubic 
miles. But we have already seen tl1at this enormous amount of mat-
ter was almost certainly accumulated at the mouth of a great river. 
Let us see how long it would take one of our great rivers to do the 
work. I shall select for this purpose the Mississippi and the Ganges, 
because they are both very large rivers, carrying vast amounts of 
sediment, and because accurate observations have been made as to the 
amount of sediment brought down by them. These observations have 
been made upon the Mississippi by Drs. Forshay and Re:ldell, of New 
Orleans, and by Captain Straehey, British engineer, upon the Ganges. 
According to these observations it would take the Mississippi 2,000,000 
years, and the GangeH* 376,000 years to perform the work. And yet 
th~ period. we are now discussing js prooably not one-thirtieth, cer-
tainly but a small portion of the <.'ntire geological history of the earth. 
lt will no doubt be objected to this estimate that it is founded upon 
a particular theory, and this theory may be incorrect, and the estimate 
thus falls to the ground. In answer to this objection it is only neces-
sary to state that we are acquainted with no other circumstances under 
which st rata ac,:urnulate so rapidly as at the mouths of rivers. Any 
other coneeivable theory, therefore, would only increase the time. 
Again, it will probably be objected that the agencies of nature may 
have been and probably were more active in earlier periods of the his-
tory of the earth than now. Such a notion, although almost universal 
~mong intelligent people and very prevalent even among geologists, 
1s, as it sc,ems to me, utterly without foundation in reason. In refer-
ence to this point geologists may be divided into :two classes. The 
fir t and most numerous class hold that the agenctes of nature have 
gradually decreased in activity from the earliest times until now. The 
othe~·, tu which Mr. Lyell and his followers belong, believes that the e 
agencies have acted much as they do now through all time; that there 
~ia.s been no procrressi ve change of any kind, neither in the earth nor 
its iuhabitants.
0 
Now, it seems to me that it can be proved, or at 
~ Th is am azing difference in favor of a smaller river is duo to tho fact thnt the Gan_ges, 
b 111!{ a trop ,cu.l Jiv1 r, the rains all fall during six mo , ths, and are thr:rcfore vory hcitvy. 1 he 
w11 l11ng _of the sutl and res ulting sedirnc11t a.re nccesi;arily in proport ion. The mountainoua 
country 1n which tho Ganges tu.k.cs its rise contributes also Lo tho 11a.mo result. 
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least rendered extremely probable, that neither of these theorists is 
in the right; that, in fact, while the igneous agencies have been de-
creasing in activity, the aqueous have been constantly increasing in 
the same proportion. As I believe I differ from all other geologists in 
my views on this point) I deem it important to go a little more fully 
into this subject. · 
It is gene;ally admitted by geologists,. and indeed there is good and 
substantial evidence of the fact, that the earth has been gradually cool-
ing throughout all geological history from an original very high tem-
perature. We have also, as I believe most geologists will admit, good 
and substantial evidence that the land has constantly increased both 
in extent and in elevation with the c0urse of time, while the ocean has 
as constantly decreased in extent in the same proportion. In other 
words, these two elements, land and water, have been, as it were, 
gradually differentiated. Admit these two points and all the rest 
logically follow. 
The activity of igneous agencies depends upon the internal temper-
ature of the earth. As this has constantly decreased the igneous 
agencies have also decreased in energy in the same proportion. The 
aqueous agencies, on the other hand, are the result of currents of air 
and water upon the surface of the earth ; and the rapidity of these 
currents depends, not upon the rnean surface temperature, but upon 
the difference of temperature in diflerent parts of the surface; i. e., 
between pole and equator or between land and water. It only remains 
to prove, then, that this difference of temperature has been constantly 
increasing with the cour:-e of time. 
Land, as is well known, is both a better absorber and a better radi-
ator of heat than water; i. e., will both heat faster and cool faster 
under given circumstances than water. A globe of land would be both 
hotter at the equator and colder at the poles than a globe covered with 
water and exrosed to the same inflnences. Although the mPan tem-
perature would be nearly the same in the two cases~ the d'ifference of 
temperature would be much greater in the former than in the latter. 
It follows, therefore, that as the extent of land increased and that of 
the ocean decreased with the course of time the difference of tempera-
ture between pole and equator must have increased in the same propottio~. 
The gradual decrease of the mean temperature would evidently contri-
bute to the same result; for it is evident that with a higher mean temre:-
ature a larger portion of water would exist in the form of vapor. 'l.1h1s 
excessive vapor would rise into the atmnsphere and become condensed 
into universal clouds, mist or foas but seldom and to a very limitc<l ex-
t . h . b ' ' ent, m t e ear he~ periods of the earth's history, into rain, becaus~, as 
yet, there were neither extensive bicrh land nor eool currents sufficient 
for extensive precipitation. Thus ~ould result a thick, murky atmo-
sphe:e, ~nveloping the whole earth. The necessary effect of this ~o~lcl 
be ttll further to prevent absorption of heat at the equator and rad 1at10n 
at the pole~, and thus to produce still greater uniformity of climate. 
In the earhe_st geological periods, therefore, when the surface temper:-
ature, from internal e;auses, was very great and the ocean almost u01-
ver ·al, the diffe_re_nce of tern perature bet~·een pole and eq uato: was 
reduced to a minimum. In such a condition of things it is evident 
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that the exchange between pole and equator currents of the aqueous 
and aerial ocean must have been not only very sluggish but perfectly 
regular northeast and south west currents in the northern hemi-
sphere, and northwest and southeast currents in the southern. In 
proportion as the earth cooled the diversity of temperature between 
pole and equator became greater and the exchange more rapid. In 
the meantime the gradual increase in the extent and elevation of con-
tinents would introduce still greater diversity. '1.1he regular oceanic 
currents, by impinging upon the continents, are reflected in various 
directions, increasing still further the diversity of climate. Currents 
of the airJ too, are no longer only trade winds, but also monsoons, land 
and sea breezes, &c. These various currents, mingling and contend-
ing, produce the infinitely varying winds of the present epoch. But 
the most important current we have not yet spoken of. Land and sea 
may be considered the two poles of a circulating apparatus; water 
rises in the form of v~por at one pole, passes over through the atmo-
sphere, and is condensed on the other in the form of rain, and so back 
by the rivers to the ocean. The more rapid the condensation the more 
rapid the evaporation and the more rapid the circulation. Within 
certain limits, (i. e., until the land is sufficient to condense all the water 
evaporated from the ocean,) the amount of evaporation and condensa-
tion is in proportion to the extent and elevation of the continents. 
It is evident, then, that in the earlier periods of the earth's history, 
when the ocean was almost universal, although the air was saturated 
with moisture, there was comparatively little rain ; and that just in 
proportion as the continents increased in extent and elevation, evapor-
ation, and condensation would increase in the same proportion. It is 
impossible to resist the conclusion, then, that from the earliest periods 
until now there has been a constant increase in activity and variety of 
currents of ocean and atmosphere; of wind and rain; of cloud and 
sunshine; of fountains and rivers; in fact of all that constitutes the 
life, variety, and beauty of our beloved earth . 
. Thus it appears that at first igneous predominated over aqueous agen-
cies. It was this very predominance which caused uncompensated, pro-
gres&ive change-development of the earth as a whole; for perfect 
balance is incompatible with developement. But gradually aqueous 
agencies increased in energy; the antagonistic forces approached a 
balance as tbe earth approached maturity, until at present 'the balance 
may possibly be complete. 
In all I have said I have had in view, of course, only the ordinary 
regular operation of aqueous agencies, or what Mr. Lyell calls "causes 
now in operation.'' I say of course, because the extraordinary, irregu-
lar operation of these agencies, such as are called "debacles," &c., are 
too. un?ertain and hypothetical, not to say improbable, ~o form the 
bas~s of any reasoning whatever. I repeat, then, th~t dunng _the coal 
per10d the ordinary operation of aqueous or degrading agencie must 
have been more slow than at present. The accumulation of a certain 
amount of material in a river delta, other things being equal, would 
require a longer time than now. 
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CLIMATE OF THE COAL PERIOD. 
It is probable, from what evidence we ha_ve on this subject, that 
the climate of the coal period was characterized by greater warmth 
greater humidity, and greater uniformity than now obtain:;;, and that 
the air was more highly charged with carbonic acid. Of the greater 
warmth of the climate we have evidence in the astonishing luxuriance 
and univerrnl tropical character of the vegetation of the period. One 
of the most marked peculiarities of the flora of coal everywhere is the 
great relative abundance of ferns and fern allies. In the present flora 
of Great Britain the ratio of ferns to flowering plants is about. 1 to 35, 
while in the coal flora of the :;ame country nertrly one-half of all the 
known plants are fernR. In the American coal flora the proportion 
of ferns is said to be still greater. That this abundance of ferns indi-
ca1 es a tropical climate is shown by the fact that in the existing flora, 
out of about ] ,500 known species of ferns, 1,200 are confined to the 
tropic~) and as we pass from the equator towards the poles the propor-
tion of ferns, steadily diminishes. The same may be said with refer-
ence to the club-mosses. It is worthy of remark, too, that although 
conifers are abundant now all over the earth's surface, still those most 
nearly allied to the conifers of the coal-such, for instance, as the 
araucaria and salisburia of the present cJay-are found only in tropical 
regions . Now, during the coal period, this tropical vegetation ex tended 
as far as 75° north latitude. Tree forns and gigantic club-mosses 
covered the spot now occupied by the Mell ville island. The evidence 
of remarkable humidity is no less satisfactory, for it is onl_y in warm, 
moist climates that ferns and club-mosses grow in the greatest abun-
dance and luxuriance. On some islands in the tropics and in the 
south seas the abundance of ferns even approachts that of the coal 
flora. In fact, as a condition of the growth of these plan ts , moisture 
seems even more necessary than heat. 
It has been objected to the greater heat of the climate, that coal was 
evidently formed by accumulation of carbonaceous matter in situ as 
now in peat bogs, and that. peat bogs are found only in cool climates. 
The answer to thiR objection is not difficult. It is not the heat 
immediately, but the resulting capacity /'or moisture, or, in comrn?n 
language, dryness of the air of the tropics, which under ordi?ary cir-
cumstances prevents the preservation of carbon. The air 1s not so 
constantly at or near the point of saturation. Fogs, and mists, and 
clouds are not so constant as in cooler climates. But we have siip-
posed ~reater humidity as 'v:ell as heat during the coal period, U oder 
these circumstances, there 1s no reason why peat should not acc1~mu-
la~e.. ~Ve_ see proof of this in the peat swamps at the mouth of t~e 
M1ss1ss1pp1. Here we find peat accumulating in great abundance 1.0 
~ ~lirnate which is yet very warm ; and we have already seen that it 
18 m such peat swamps, rather than in the boo-s of cooler climates, 
that we _are to look for analogies with the peaty ~ccumulations ot t~e 
coi;l penod .. !he enormou~ extent of the~e peat swamps becomes lll its 
tu~n an a~~1tio~al proof of the great humidity of the climate. . . 
rhe uniformity of climate-i. e. the comparatively equable diatri-
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bution of heat and moisture on the surface of tbe earth during the 
coal period-is evidenced by the remarkable uniformity of the flora. 
The general character of the coal flora was very much the same in every 
portion of the earth's snrface, and in many cases even the same species 
are found in the most distant countries. Thus many identical species 
have been found in Europe, United States, New Holland and Mell-
ville island, countries the existing flora of which differ entirely. Now, 
although I cannot accede to the doctrine that diversity of climate is 
the physical cause of diversity of fauna and flora, yet, whether we con-
sider the physical or the final cause, tbe result would evidently be the 
same, viz: the perfect harmony between the climate and the fauna 
and flora, the perfect adaptation of the one to the other. 
That the atmosphere was highly charged with carbonic acid is ren-
dered probable by the astonishing luxuriance of the vegetation of the 
period. Some experiments recently made by Mr. Gladstone seem to show 
that up to a certain limit the growth of ferns is rendered more rapid by 
the addition of carbonic acid to the atmosphere in which they grow. 
This probably becomes a certainty, when we reflect upon the enormous 
amount of carbon contained in the coal deposits, all of which must 
have been extracted from the atmosphere. It has been estimated that 
"all the forests of the United States gathered into one heap wonld 
fail to furnish materials of a single coal seam equal to that of Pitts-
burg." Again, tbat "that there is laid up in the earth, in the form 
of coal, six ti mes as much car Lon as now exists in the atrnos1>here. If 
it was all returned to the air, there would be seven times as much 
carbonic acid in the atmosphere as at present." 
Cause ~f the climate of the coal.--Much speculative ingenuity has 
been exhausted to little effect in attempts to account for the remark-
able climate of. this peril d. We find here the same looAeness of rea-
soning unforf,unately so common among geologists when dealing with 
physical subjects. The subject of most of this speculation has been 
th~ canse of the supposed greater heat of the climate. 'rhere are _two 
principal methods of accounting for it. The first and most obvious 
mode is by means ot the commonly received hypothesis that the earth 
~as cooled down to its present temperature tr~m an origina~ i:state of 
rncandescence. But although there is much mdependent evidence of 
this original condition-and we think it extremely probable, therefore, 
that the heat of the coal period was due, at least in part, tu this cause-
yet,. as Hopkins has shown, (Geol. Jour., 1853,) there ar~ strong ob-
Ject10ns to this as the only cause. We have already sa1J that the 
surface temperature of the earth is due partly to internal and ~artly to 
external causes. At present the ~urface temperatur~ from rnternal 
c:uses has become almost nothing, i. e. only one-twentieth, of~ degree 
] ahren beit. The increase of temperature below the surface 1s about 
1°.to sixty feet. Now, if we supposed the surface te~11perat1~re fr?m 
tl11s cause to be increased even to 1 ° the increase for every i-1xty feet 
of depth would be 20°. An increase' of 10° surface temperature would 
make 200° increase of temperature for every si~ty feet. Th~ sp~ings, 
except the most superficial, would all be bo1lHw.. Now, it wLl l ~e 
recollected. that the winter temperature of M llv1lle, ~here coal 1s 
found abundantly, is -20° Fahrenheit. It would, therefore, take near 
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100° additional of surface temperature to raise this to tropical heat. 
This would. :r:iecessitat~ a te~perature of 2,000° at ~he depth_ of sixty 
feet a cond1t1on of thrngs, 1t would seem, utterly mcompat1ble with 
the 'existence of luxuriant vegetation on the surface. 
The second mode of accounting for it is by means of distribution of • 
land and water upon the earth's surface. Land, as compared with 
water, is both a better absorber and better radiator of heat, i. e., will 
both heat faster under the influence of a source of heat, as the sun 
and cool faster when that source is withdrawn. This is familiarly 
illustrated by land and sea breezes. Again: the earth at the equator 
receives more heat from the sun than it radiates, while at the poles, 
on the contrary, it radiates more than it receives from the sun, the 
overplus in both cases being balanced by the currents of ocean and 
atmosphere. If these currents could be prevented, the equator, for'a 
time, would get progressively warmer, and the poles progressively 
colder. We may evidently, then, look upon the earth as a body heat-
ing at the eqnator and cooling at the poles. Now, when we recollect 
the great absorbing and radiating power of land, as compared with 
water, it is easy to see that the mean temperature of the earth's surface 
may be materially affected by the distribution of these elements w1th 
reference to the two points in question. For instance, if the water be 
all collected in a belt about the equator, and the poles be occupied 
entirely by land, we would have the conditions most unfavorable for 
heating at the equator and most favorable for cooling at the poles. 
The result would be a considerable lowering of the mean temperature. 
If, on the contrary, the waters be gathered into polar oceans, leaving 
an equatorial belt of land, the conditions would be most favorable for 
heating at the equator and most unfavorable for cooling at the poles, 
and the mean temperature would consequently rise. It is estimated 
that these two extreme conditions would bring down the mean tem-
perature to 32°, or raise it to tropical heat. It is not to be s_upposed 
that such extreme conditions ever existed; but any approximation to 
such conditions-for instance, a decided predominance of land towa:ds 
the equator or poles-would produce the same effects to a correspond1_ng 
degree. Now, it is possible that the greater heat of the coal per10d 
may be due to some such distribution of land and water. . 
The fatal objection to this explanation is that we find no coal m 
tropic~l regions. As every coal field presupposes a large river, and 
therefore a considerable extent of land the distribution of coal may 
be looked upon as in a general way indicative of the distribution of 
land during the period. It would seem from this that the lar_ger 
bod_ies of land existed in temperate and arctic rather than in tropical 
regions. 
But if it is impossible by distribution of land and water to account 
for the g7eater mean temperature, it is at least easy in this 'Yay to 
accou1;tt for the greater humidity and uniformity of climate which we 
have fo1;1nd equally to characterize this period. I have already alluded 
to the fact that ~he palooozoi_c seas were probably very wide and th_e 
l~nd c~rr~spondmgly small m extent and low, and that such a cond1-
t~o1;1 °~ thm~s, on account of the very limited condensation and pre-
cipitation of vapor) would produce a very humid climate. Now, water 
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being both a ba_d absorber and b_a~ rad_iator of heat) both heating very 
slowly and coolmg very slowly, it is evident that a great predominance 
of that element would produce, also, a very uniform climate. The 
difference of temperature between pole and equator, and between winter 
and summer, would be less than at present. 
Some geologists think, with Mr. Lyell, that this uniformity and 
humidity of climate is sufficient to account for the coal vegetation 
without the necessity of a higher mean temperature than now exists. 
If the present mean temperature was distributed more equably both 
over the earth surface and over the year, the effect would be to pro-
duce cooler equator, it is true, but also much warmer high latitudes, 
and particularly the winters of high latitudes would be much less 
severe. The evidence is, however, it seems to me, in favor of some 
elevation of the rnea.n temperature also. It is difficult to conceive how 
any uniformity of distribution of the present mean temperature, such 
as would be produced by the predominance of water, could raise the 
winter temperature of Mellville island t.o the point necessary for the 
luxuriant growth of tree ferns. Some increase of temperature from 
internal cause seems to be necessary. I suppose, therefore, that if the 
temperature of the earth from int(;lrnal causes was slightly elevated, 
say 10°, so that the mean ·temperature from 60° should become 70°, 
and then this mean temperature distributed over the earth surface as 
uniformly as posAible, by means of a wide extent of ocean, we should 
have all the conditions necessary to produce the phenomena of coal 
vegetation. It will be recollected, too, that we have much indepen-
dent evidence of the cooling of the earth from an original very high 
temperature. 
With reference to the highly carbonated condition of the atmo-
phere, we may suppose this to be the result of the greater activity 
of carbonic acid producing causes, or else we may refer it to the 
original constitution of the air-the natural process by which car-
bonic acid is given to the air, decomposition, combustion, respiration 
of animals, and volcanoes, carbonated springs, &c. It will be admitted 
by all that the first three may be neglected, since they return to the 
air only what had been previously taken from it. The carbonic acid 
~pplied to the air by volcanoes and carbonated springs, according to 
Bischoff, is so inconsiderable that, unless we suppose these sources 
much more active than now, it would take millions of years to affect 
materially the constitution of the air. But even this refuge is taken 
away, when we recollect that volcanoes and springs derive their car-
bonic acid from carbonates, and chiefly from carbonate of lime, or com-
mon limestone. But limestones, according to the testimony of all who 
have carefully studied them, and particularly accor<ling to the recent 
microscopic observations of Sor by, are entirely of animal origin, i. e. 
e.ntirely made up of broken fragments of shells, corals, crinoic.ls;_ me-
times recognizable under the microscope, sometimes reduced to impal-
pable powder. This carbonate of lime is evidently derived from 
ea-water. Whence then does sea-water derive its carbonate oflime? 
The lime is derived 'beyo~d doubt, from igneous rocks, the carbonic 
a~id probably from 'the atmosphere, through the animal and vegetable 
kmgdoms, since lime exists in igneous rocks not as a carbonate but as 
10 s 
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a silicate. It would seem to follow, then, that springs and volcanoes 
also, only return to the atmosphere what had been previously take~ 
from it. The only difference between these sources and the three first 
is, that while decomposition, combustion, and respiration return to 
the air what had been taken from it but a little while before, springs 
and volcanoes return to the air what had been taken from it during 
some previous geological epoch. Thus the atmosphere becomes the 
great original source of all the carbonic acid in the world. 
But whatever be the cause of the excess of carbonic acid in the at-
mosphere during the coal period, we cannot fail to see an evident and 
beneficent design in its removal. Carbonic acid, as is well known, is 
as poisonous to animals as it is nourishing to plants. Previous to the 
coal period there lived none but aquatic animals of low order. These, 
on account of low vitality, sluggish circulation, and little necessity 
for rapid and constant oxygenation of the blood, have great endurance 
of carbonic acid. But now the earth was prepared to receive air-
breathing animals, the atmosphere must be purified for the purpose. 
This was accomplished by the astonishing vegetation of the coal period. 
But observe, and never cease to admire and wonder, that the self~same 
providential act which purified the atmosphere and rendered the earth 
a fit habitation for reptiles and birds, had reference also to the coming 
of man countless ages after, and laid up materials for his use. In the 
carbon thus silently extracted from the atmosphere was buried a ~e-
chanical energy which, after a sleep of millions of years, was to rise 
again as the great physical regenerator of the human race. 
ORIGIN OF COAL. 
It is now universally admitted among geologists that coal is entirely 
of vegetable origin. There was a time, however, and that not many 
,Y_ears ago, when the vegetable or mineral origin of coal was a ques· 
t10n w_armly contested by the best geologists; but its veget~ble char-
acter 1s now so firmly established and so universally admitted that 
the history of the controversy has lost its interest. I will not, there-
fore, tire you with "its details, but proceed to state the evidence upon 
which the universal belief -is founded. . 
. First~ then, the enormous profusion of fossil plants, in the form of 
1mpress10ns of leaves, trunks and branches of trees fruits, &c., fo~ocl 
~n ~mmediate connexion with a coal seam, affords ;trong presumption 
m its favor. ~n the second place, this presumption is strengthened, 
and. b~comes,. m fact, almost certainty in the case of trunks of tre~s 
retamrng theu external conformation and under the microscope their 
internal structure even to the minutest sculpturing upon thei; cell 
walls_, and yet turned to perfect coal. It might possibly be_ o~Jected 
that 1t may be a substitution of one substance for another, similar to 
wha_t tak~s place i~ petrification , where we find, also, the external 
confoT;Iiat10n and mternal structure perfectly preserved, but ~h<l 
?rga1:1c rr:atter all gone, that the ancient trunk having been. burie 
m ~1tumm0us ?3atter and thoroughly impregnated therewith_, ..an 
partic~e u~ particle the woody matter was removed by deco~pos1t1? 
the bitummous matter took its place, and thus perfectly imitated its 
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tructure. But this objection is forever set aside, whP.n, in the third 
lace, we subject even the most structureless coal to microscopic 
·crutiny. The distinguished American microscopist, Professor Bailey, 
of West Point, has been able to detect the unmistakable evidences of 
veO'etable structure even in the hardest anthracite. In fact it may be 
affirmed that there is no coal which, under careful examination, will 
not reveal a vegetable structure. 
Again : All the stages of gradation between perfect wood and per-
fect coal may be traced with the greatest certainty. We :find the first 
stage of this process in the blackened semi-bituminized logs of our 
peat bogs and deltas of the present epoch. The next stage we find in 
the lignites or brown coal of the tertiary period; the next the highly 
bituminous coal of the oolite; then the coals of the true carboniferou8; 
and lastly, the anthracites of the same and lower strata. Thus we 
may trace the whole embryology of coal from its immature to its most 
perfect condition-may trace and identify all the intermediate links 
of the chain of conditions of which wood and coal form the extreme 
limits. But not only in external form and appearance, but also in 
chemical composition we can trace these several stages. Wood con-
sists of carbon, hydrogen, and oxygen; coal consists of the same ele-
ments but in different proportions. ln coal the proportion of carbon 
is greater and of oxygen and hydrogen less than· in wood. Now, if 
we compare the chemical composition of wood, peat, lignite, bitumin-
ous coal and anthracite, we find a progressive decrease in the propor-
tion of oxygen and hydrogen, until, in anthracite, we find the carbon 
almost pure, and absolutely pure in graphite, if we acknowledge thi.; 
as of similar origin. This chemical evidence is, it seems to me, abso-
lutely demonstrative. 
Lastly, direct experiment proves that peat, which we know to be 
of vegetable origin, may, by strong pressure, be made to assume the 
hardness, the density, the general appearance, and all the useful pro-
perties of coal. 
Assuming, then, the vegetable origin of coal as a basis of argu-
ment, we will proceed to speak of, and to account for, the principal 
vai·ieties of coal. 
All coal consists of two parts, the one combustible the other in-
C?mbustible. It is easy to separate these from one another. If a 
piece of coal is thrown into the :fire the combustible portion pas es 
~way in the form of gases, the incombus~ible remains behind in_ tho 
form of ash. Now, the rel:ttive proport10n of these two vary infi-
nitely in different coals. We have every stage of gradation between 
pure shale and pure coal, between pure incombustible an~ almost as 
pure combustible. In the purest coal the amount of ash 1s only I to 
2 per cent.; others, more impure, contain 5, 10, 20, 50 per. cent. of 
a _h. _.At this point coal loses the_property of ready combust10n, and 
· with 1t loses also the name of coal in popular language. But the 
geologist recognizes no remarkable change at this particular point-
no cientific reason why the name shouk~ change from coal ~o sb~le, 
ts there is no corresponding change of nature. From tlns pornt, 
under the name of shaly coal, black slate, &c., the amount of as 
may continue to increase and the amount of combustible matter t 
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decrease, until, in pure shale or slate, the whole becomes incom-
bustible. 
Now wood consists also of combustible matter and ash, but the 
amount of ash in wood· is much less than in coal-the wood of elm 
contains about 2 per cent.; willow, ½ half per cent.; beech,½ per cent. ; 
oak and pine about ¼ per cent. The leaves and bark of trees, how-
ever contain much more than this. The fully matured leaves of the 
beech willow, and elm contain, severally, 6.6, 8, and 11 per cent. of 
ash. 'It is probable, then, that 2 to 3 per cent. is a fair average of 
the percentage of ash in dry vegetable matter. But even if the coal 
is perfectly pure, that is, formed_ of veget~ble. matter without f?reign 
admixture, we should :find a higher proport10n of ash than m the 
wood from which it was formed, for, as we have already seen, wood 
loses hy<lrogen and oxygen in the process of · change into coal. The 
weight therefore diminishes, but the absolute amount of ash remains 
the same) and consequently the relative amount increases. We may 
safely say, then, that if coal contains not more than 5 per cent. of ash 
it may be considered quite pure; but if it contains more than 10 per 
cent. it is probably impure, i. e., mixed with foreign matter. This 
foreign matter being evidently the mud or clay upon which the carbo-
naceous matter was originally laid down or by which it was after-
wards covered. HenQe we :find the purest coal in the largest seams 
and in the middle portions equally removed from the floor and roof. 
As we pass towards the roof of a seam the coal passes by imperceptible 
degrees into black slate, which is, in fact, mud, more or less mixed 
with carbonaceous matter. 
So much for the varieties of coal depending upon purity or i~-
purity, upon the relative proportion of earthy, incombustible, inorgamc 
matter, and of combustible organic matter. 
But, aside from the earthy matter, the combustible or organic mat!er 
of coal consi11ts of two proximate elements mechanically mixed, viz: 
carbon and bitumen; charcoal is nearly pure carbon; common tar or 
pitch is very ~imilar both in chemical composition and in general ap-
pearance to bitumen. If, then, we conceive a piece of charcoal, care-
fully burnt so that t_he vegetable 8tructure is perfectly retained, to be 
thoroughly impregnated with pitch or tar, we should have a substance 
extremely similar to common coal. These two ingredients of coal 
may also be easily separated from one another. This is consta~tly 
done in the process of coking and in the manufacture of illuminatrng 
gas. The more volatile bitumen is driven off in the form of gas or 
collects in the pipes as coal tar and the carbon remains as c?ke. 
~ow, t_he r_elati ve proportion of these two ingredients also vary wfi-
mtely m d1ffe~·ent coals. We may have a coal of pure carbon, or 3 
c?al of pu:e bitumen, or a coal containing these two in every propor-
t10_n .• It 1s ~h~ relative 'Proportion orthese which give rise to .th~ 
p~rnc1pal vaneties of coal. A coal of pure carbon is called anthraciteJ 
with a small at?o~nt o~ bitumen, say 10 to 20 per cent., it is callc f 
dry coals or sem1-b1tumrnous coal· when there is 20 to 30 per cent. 0 
~itumen it i~ called bituminous or' coking coal; when the per cen~a~e 
1 ab9ve tb1s and the_ coal burns with a strong blaze and melts, 1.t er 
ca1led fat coals. Besides these there are certain varieties depeo<lini, 
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upon hardness, fracture, &c., such, for instance, as cannel, which is a 
highly bituminous coal, but very hard, compact, fine-grained, and 
remarkably free from vegetable structure ; splint coal, &c. 
There are at least three possible methods of accounting for these 
varieties . 1st. The cause may have existed before the coal was laid 
down, in the nature of the wood of which the coals were formed. 
2d. The cause may be sought for in the changes through which the 
vegetable matter passed in the process of becoming coal. 3d. We 
may :find it in changes to which the coal was subjected after it became 
coal. 
First. It is possible that the kind of wood may in some degree de-
termine the variety of coal, as, for instance, the accumulation of pines 
and other resinous wood may have given rise to the fat coals, while 
the non-resinous woods to the drier coals. This, I say, is possible, 
particularly as we know that coniferous trees grew in considerable 
abundance during the coal period; but it seems very improbable as a 
general explanation. 
Second. We have already remarked that wood consists, chemically, 
of carbon, hydrogen, oxygen, and a small quantity of nitrogen, which 
may be neglected; and that pit coal consists of the same chemical 
elements, only in different proportions, the carbon being in excess. 
It is obvious, then, that in the fermentation process by which wood 
is changed into coal a portion of the gases, hydrogen and oxygen, 
escapes. The amount which thus escapes determines the variety of coal. 
The composition of wood is variously stated by chemists; in fact it 
is not a definite compound, but consists of the mixture of several 
proximate principles. It therefore varies much, according to the rela-
tive abundance of these principles, such as starch, sugar, cellulose, 
lignire; in other words, according to the kind or even the age of the 
wood. For the harder kinds of wood, such as the oak, Liebeg gives 
the formula, 0 3 6 H 2 2 0 2 2 • For softer kinds of wood, and par-
ticularly for succulent vegetable substances, the proportion of carbon 
is not so great. Whether, however, the formula which I have 
adopted be correct for the plants of the coal, or not, would not affect 
the general correctness of the reasoning upon which my conclusions 
are based. The composition of bitumen varies also very much_, and 
. for the same reason, viz : that it is composed of several proximate 
principles variously mixed. It is generally given as 0 2 0 H 10 , and 
a variable but small amount of oxygen, from 2 to 4. The composition 
of cannel coal is given by Regnault as C 24 H 13 0 1 • 
Wood........ 03G H22 022 
Bitumen .... == 0 20 H 16 02 
0annel coal == 0 2 4 H 1 3 0 1 
It will be seen that the proportion of carbon is g~eatest in coal and 
lea tin bitumen, but that the most striking difference between these 
nb tances and wood is the almost entire want of oxygen. N w, ac-
cprdin~ to Lie beg, wood in the process of decay in the open_ air f. r~ 
~arb me acid (0 0 2 ) and water (II 0,) and the _carbonic acul_1 
formed by the union of the carbon with the oxygen f the wood, while 
the water is formed by the union of the hydrogen of the wood with 
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the oxygen of the air. As in the fo:r:mation of carbonic acid, oxyg6 
is consumed faster than the carbon; 1f the decay goes on the residu 
will be at least pure carbon. 
Wood ______________________________ == C30 H22 022 
Deduct C 0 2 + H (the H unites with O of air)== C35 H 21 0 20 == partly decayed. 
Deduct 5 (C 0 2 ) (== 0 5 010) + 11 H-------- == 030 H10 0 10 == further decayed. 
But if decomposition take place out of contact, or with limited sup-
ply of air, the process is more complex. The carbon, hydrogen, and 
oxygen combine with one another in various proportions, and the pro-
ducts of decomposition are: carbonic acid (0 0 2 ,) carburetted hydro-
gen (0 H 2 or 0 2 H 2 ,) and water (H 0,) and thus result the deadly 
ch_oke-damp (0 0 2 ) and the dreaded fire-damp (0 H 2 ) of the coal 
mmes. 
Let us now see how, according to this theory, the different varieties 
of coal may be formed. 
Wood == 
Deduct 11 0 0 2 == 0 11 0 2 2 l _ 
Deduct 22 H oxydized by the air S · · · · · • · · ' -
Oas H.22 02 
011 H22 022 
02 5 
and twenty-five atoms of carbon alone remain ; and this is the com-
postion of pure anthracite. Again: If decomposition takes place out 
of contact of air, bitumen or bituminous coal is formed. Thus-
W ood.... .............. . .. .. .. .. . . . . . . . . . . . . . . . Ca6 H22 022 
Deduct 9 C O 2 == 0 9 0 1 8 ~ 
Deduct 3 HO == H 3 0 3 0 12 H 9 021 
Deduct 3 0 H 2 == 0 3 H 6 
The remainder is cannel coal..... C 2 4 H 13 0 1 
Again: 
Wood ......................•......... 
and if from this we deduct 
10 atoms carbonic acid == cl O 6 0 2 0 ? 
3 atoms olefiant gas == C 6 H \ 
th . d · b' 0 e remain er 1s 1tumen......... ...... .......... C 2 0 H 1 6 2 
In the same manner, by supposing the union of these three elements_ 
to ta_ke place in various proportions, under circumstances of more or 
less imperfect access of air, we may, without difficulty, account for all 
the different varieties of coal. 
There can be no doubt, it seems to me, that bituminous coal is ac-
tually formed by this play of affinities. But with reference to t~e 
extremes of this series, vjz: anthracite and bitumen naptha, &c., it 
seems much more probable that these have been the ;esult of an ofter 
change, the last of the three possible causes with w bich we started . 
. In ~be third place) then, we have many reasons for believing that 
l~itummous coal is r~ally t?~ normal coal, and that which is alwayd 
formed by th~ play of affimt1es, of which we have spoken abo~e, an 
that anthracite and bitumen are the result of the action of 1gneou 
agency upon such bituminous coal. 
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We have already said that bituminous coal may be considered as a 
mechanical mixture of carbon and bitumen, and these two may easily 
be separated by heat. Anthracite is the residne after separation, and 
bitumen and naptha is the matter separated by distillation and con-
densed elsewhere. As in the gas manufactories we :find bituminous 
coal decomposed-a part remaining behind as coke, (pure carbon,) a 
part passing off as gas and a part collecting in pipe8 as coal tar-so 
in the laboratory of Nature coal beds subjected to heat give rise to the 
same three substances; anthracite is left behind, coal gas is dis-
charged into the atmosphere and bitumen collects in subterranean 
pipes and gives rise to naptha and bituminous springs, pitch lakes, 
&c. Thus, the enormous lake of boiling pitch in Trinidad is, proba-
bly, in connexion with coal strata below. If so, such coal will be left 
in the condition of anthracite. All the strata of the earth are subject 
to change under the influence of heat: limestones become marbles, 
clays become slate. This change is called by geologists metamor-
phism. Now, the proposition is that anthracite is metamorphic coal. 
The proofs of this proposition are as follows : 
In tho first place, anthracite is never found except in regions very 
much disturbed by igneous agency, the strata highly inclined, contorted 
and broken ; and even in the same coal field the coal is anthracite or 
bituminous, according as the region is more or less disturbed. Thus, 
in eastern Pennsylvn,nia, where the coal strata are very much con-
torted and sometimes perpendicular, (fig. 9 ,) the coal is all anthra-
cite; while in western Pennsylvania, where the strata are nearly 
horizontal, the coal is hituminous. The actual transition of anthra-
cite into bituminous coal cannot be studied with advantage in Penn-
sylvania, because the coal strata have been carried away to such an 
extent that only outlying patches are left; but in Wales the same 
seam may be traced from the bituminous to the anthracite condition; 
so that there can be no doubt that, in this case at least, .anthracite is 
metamorphic coal. 
Second. Anthracite is never found except in metamorphic rocks, 
and conversely all coal contained in metamorphic strata is anthracite. 
This universal connexion of two things proves, as it seems t.o me, 
beyond doubt, their community of origin ; that they have a common 
cause. Thus, in the lowest stratified or primary rocks, where the 
rocks are altogether metamorphic, and cve:n in t.he si1uri~nt where _a 
les complete metamorphism is almost umversal, what little coal 1s 
f~nnd is always anthracite. In the coal measures we have coal both 
bituminous and anthracitic, but the anthracite always in altered and 
the bituminous in unaltered rocks. As we pass upward we fintl 
anthracite more rare because metamorphism is more rare and local; 
and when metamorphism entirely disappears in the tertiary rocks we 
find that anthracite disappears also. 
Th~rd. 'rrap dykes, as it is well known, are formed by the out-
breaking and outpouring of melted rock (lava) forced up through 
the superincumbent stratified rocks, which are altered ancl rendered 
metamorphic by the contact. Now, when a dyke pas E:s through_co~l 
~trata the coal is always thoroughlJ; cok?cl by t~e contact; _tl_1at 1s~ 1t 
is changed into a substance identical m chemical compos1t10n with 
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anthracite. These two substances are doubtless similar in their 
origin as well as in chemical composit_ion, the gre~t difference in their 
density being due only to the pressure under which the change took 
place. Anthracite is produ?ed slowly under. enormou~ pressure, while 
coke is produced under ordm3:ry _atmospheric pressure, and the rapid 
disengagement of gas renders 1t light and porous. 
THE PLANTS OF THE COAL-THEIR STRUCTURE AND AFFINITIES. 
Geology is the latest developed among the sciences. This is not an 
accidental phenomenon in the history of human intellectual progress, 
but one absolutely necessary~ and the cause of which we can clearly 
trace. The great divisions of science in the order of their complexity 
are mathematics, mechanical sciences, chemical sciences, organical 
sciences, and geology. The first is limited to ideas of number and 
quantity ; the second comprises, in addition to the preceding, ideas of 
force; the third, in addition, ideas of chemical affinity; the fourth, in 
addition to the preceding, ideas of life, and the last, in addition to 
all the preceding, ideas of historic development. Now, this order of 
increasing complexity has necessitated a corresponding order of devel-
opment in time. It is impossible that mechanics and physics should 
have assumed even the form of a science until mathematics was 
already mature. And so of the rest. Together they form a column, 
of which mathematics is the pediment and geology the capital; or, 
rather, I should say, a magnificent temple, of which mathematics 
forms the solid foundation and geology the heaven pointing spire; t~e 
most wonderful and perfect work which human genius has erected m 
honor of Deity. 
It is evident, therefore, that geology was compelled to await the 
development of other sciences. She could not come forward until her 
time was fulfilled, for her problems are the most complex and difficult 
which are to be found in the whole range of science. It is evident, 
also, that th.e ~eologist must be thoroughly accomplished in all _de-
partments of science. He must be thoroughly grounded in mechamcal 
and physical sciences, or how shall he reason successfully on the ~p-
heaval of continents, the formation of mountain chains, the dynamics 
of earthquakes and volcanoes, the actions of currents, &c. He must 
be familiar with chemistry, for disinteD'ration and consolidatio~ of 
rocks, the deposits of springs, the for~ation of coal, are chemic~l 
q~etitions. Still more_ necessary to him is an acquaintance wit~ orga~nc 
science, for the orgarnc remains are the Divine hieroglyphs m whic)i 
the history_ of t_he earth is recorded. It is this very complexi~y, this 
very elevat10n m the scale, this almost universal culture req uued of 
her votar~es, '!hie~ constitutes the greatest obstacle in the way of real 
progress m this _science. I know it is thought by many that geol~gy 
1s a~ e~sy and simple s?ience, that any one, by industrious collection 
0
~ fossils a~d versevermg exercise of memory, may be a good g~olo-
gi t; but this 1s a sad and very pernicious error. In so vast a science 
coll~ctor~ of materials must be numerous, but the philosophical gen-
cr~hzer 1s very rare. In so vast an edifice the fetchers of stone aud 
brick and mortar are innumerable, but heaps of brick and stone aucl 
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mortar do not constitute a temple; the one may be accumulated by 
the human hand, the other can be constructed only by the human 
mind, and in this case only by genius of the highest order . In fact, 
a master builder in this science has not yet lived. No man has yet 
been able to sketch the outlines of this noble work with a hand so firm 
and decided that all shall labor in harmony and mutual confidence, 
and the work shall thenceforward proceed with steadiness and cer-
tainty. 
In some sense, therefore, all departments of science may be looked 
upon as the handmaids of geology. And it is curious and instructive 
to observe how, in reward for their services, she stamps each one with 
the seal of philosophy ; how each science becomes, in her service, 
more comprehensive, more philosophic, more exact. The problems 
in physics and chemistry which geology proposes are so difficult, the 
conditions under which well known forces act are so numerous and 
complicated, and the scale on which they operate are so vast, that 
every formula must be revised, every law must be made more exact. 
Thmi, under the guidance of geology, these two old and mature 
sciences seem entering on a new and higher career. 
But perhaps the most remarkable instance of the favorable change 
and philosophic character which the advent of geology has impressed 
upon other departments of science is to be found in the case of natural 
history . 
The zoology and botany of the last age were little more than the 
knowledge of the names and external forms of species, and their ar-
rangement according to an arbitrary system of classification . But it 
is evident that such zoology and botany can be of little service to 
geology. The external form of .an extinct species is seldom seen. 
Generally all that we have of an anim~l is a few bones or teeth, some-
times a single scale ; of a plant, a fragment of wood or a leaf, and the 
problem which geology proposes is, from such meagre materials to 
r~construct the whole organism. To the unskilled this seems impos-
. 1ble. But the harmony which exists between all parts of an organ-
ism is so perfect that each may be said to necessitate every other. A 
complete knowledge of the laws of organization would thus enable us, 
from any one part, to reconstruct the whole. Ono strain of song in-
. tantly suggests all that is necessary to make the harmony complete. 
Thus a profounder knowledge of animals and plants becomes neccs-
·ary-a knowledge not only of e~ternal forms, but al_so o~ int?rnal 
tructure and the harmonious relatwn of parts. Olass1ficat1on 1 no 
longer an ingenious artifice to facilitate the acquisition o~ knowledge, 
but becomes the highest expression of knowledge, the epitome of na-
t~re. Thus, from a mere mass of barren details, natural history has 
n en to the highest philosophic rank. Even astronomy has .been 
c,ompe1led to take a lesson of philosophy from her young~r s1 ter. 
• he must relax the severity of her dogmas. S~e must mo~h_fy so~e-
wh t the absoluteness of her assertions concernmg the tab1hty of all 
thinrrs, fenced, though they be, round about with mat~iematical for-
ruuh , now since the idea of infinite time has been mtroduced by 
17eoloo-y. "The causes which tend to destroy the stability of the olar 
ystem," says astronomy, "are infinitely small, and therefore may 
154 LECTURES 
be rejected from the eq_uati?n." True, but i°:fini~ely small quantities 
accumulating thr:mfgh infinite ages bec_ome _finite, m fact,. become very 
important; for 1t 1s these very same mfimtelY_ small residual quanti-
ties, rejected by astronomy as of no value, which, by their accumula-
tion, constitute the progressive development of the earth and solar 
system. Without such small uncompensated forces history, whether 
geoloO'ical, national, or individual, would be impossible. An insect 
philo~opher, the span of whose life is a single day, attentively ob-
serving the daily cycle of the healthy human body, might rationally 
assert the stability of the human system. The body, at the end of 
twenty-four hours, has come back to the same spot whence it started. 
At least the variation, if any, must be infinitely small, and therefore, 
for all purposes of insect life, may be rejected as of no value. .And 
yet it is the accumulation of this same infinitely small variation which 
constitutes the growth and progressive development of the body. This 
is not an exaggerated illustration, for 2,000 years, the whole age of 
astronomy, is but one day, yea, but a small fraction of a day, in the 
geological history of the earth. 
The flora of the coal period is more complete than that of any pre-
vious or succeeding geological epoch. The whole number of fossil 
species of plants known is probably not far from 2,000. Of these, 
according to estimates made more than ten years ago, about 816 are 
from the "coal measures." The constant additions which have been 
made since that time, particularly by Dr. Newberry and others, from 
an examination of the coal fields of our own country, would probably 
bring the number up to at least 900. Probably, therefore, nearly if 
not quite one-half of all known fossil plants belong to this period. I 
have already said that a coal seam is made up of the remains of such 
plants, yet it is not in the coal seams themselves that we find the best 
preserved specimens of coal plants. On the contrary, the vegetable 
matte: is here so thoroughly disorganized that it is only by means ?f 
the m1~roscope tha~ we are able to detect its original struc_ture: It 18 
.rather m the associated shale strata that the most beautiful impres-
sions occur, particularly in the overlying blaclc slate. Between the 
thin sheets of this slate the stems and leaves are as perfectly presei:ved, 
every vein and nerve, as between the leaves of the botanist's herbariur:i, 
. This fact, v_iz: t_hat t~~ we11-preserved plants are always found in 
~bundance m this pos1t1on, and never in the coal seam proper has, a 
it ~eems to me, _an important bearing upon the theory of coal de-
posit. But of this we shall speak again ju another place. You have 
h~re before. you_ a magnificent slab of black slate, profusely cov~red 
with beautiful impressions of leaves and stems of ferns and calarmtes. 
In this case, as perhaps in most others the impressions, though well-
defined, are not conspicuous at a dist~nce because the color of the 
ground and of the figur~s a~e so nearly alike, but in some cases, whe~ 
. the shale background 1s light-colored the relief of the coal-bl~c 
impressions is very beautiful. The ne~ly exposed roof of a coal rnine 
ha~ been ~o:rnpared by Dr. Buckland to the most magnificent fresco 
parnted ceilings of Italian buildings. 
But although the number of species of coal plants is so great, yet 
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coal is supposed to be composed principally of the remains of four 
families only, viz : Ferns, Sigillarice, Lepidodendrons, ancl Oalamites. 
The abundance of individuals belonging to these families is so great, 
and their size so enormous, that they must have given character to 
tJ1e vegetation of this period, and may therefore be taken as represen-
tatives of its flora. As such, therefore, I shall consider them, and it 
will be our object in this lecture to give you some idea of their appear-
ance and affinities. 
There are certain periods· in the history of our race upon which we 
are apt to gaze with peculiar interest and admiration-when the 
human mind, awakening from its sleep of barbarism, rejoices in the 
ostentatious display of its strength and its beauty, so in the history 
of our earth, the period of the coal stands out beyond all others as the 
"heroic age," when nature seemed to delight herself in the fantastic 
exercise of power, and to exhaust her strength in the production of 
vegetable giants and monsters. It will be my object to show that this 
age, although to the popular mind it may appear a mythological age, 
an age of wonders and prodigies, an age to which ordinary principles 
of reasoning are inapplicable ; that this age is but one chapter, a page, 
in a connected history, one step in the accomplishment of the unvary-
ing plans of Deity. . 
A glance at these drawings of coal plants will give you some general 
idea of the strange forms which constituted the flora of this period. 
But it is not only a vague general idea of external form which I wish 
to give you; we have already had too much of this in popular lectures 
on geology. If we would grasp the real thought expressed in the 
vegetation of this period ; if we would understand the true significance 
of the coal flora in the Divine economy; if we would catch the key-
note of this Divine harmony, we must take more than a superficial 
glance-we must look deeply, thoughtfully, reverently. But, in order 
to make myself understood, I find it necessary to step a little out of 
t~e way, to give you a sketch of the great divisions of the vegetable 
krngdom and the characteristics of each, so that, by comparison, we 
~ay be able to determine the position of the coal plants. Whatever 
)S noble and elevating in science must be equally int<:lresting to every 
rntelligent mind; but in order to appreciate it, it is absolutely neces-
.a~y to master in some degree unintere!3ting technicalities. The jewel 
is mclosed al ways in an unattractive casket of lead; we must £.nu the 
key before we can gain the prize. 
The vegetable kingdom, then, is divided into two great classes: the 
Plicenogams, or flowering plants, and the Oryptogams, or flowerless. 
r!'he Oryptogams may be again divided into cellular and vascu!a~ Oryp-
togams. The cellular Oryptogams, such as the mosses, fungi !whens, 
fiea weeds, &c., consist en ti rely of cellular tissue, while the va, cular 
G_ryptogams, such as ferns, club-mosses, equisetacere, (hor c-tails,) com-
bine the vascular tissue with the cellular. The Pltwnogams may also 
be divided into two sub-classes, viz: the Gymnosprrms, or naked seeded 
J>lants, and the Angiosperms, or covered seeded plants. The Gyrnnos-
JJerms Lear their seeds naked or exposed, either ncu,r tho base of an 
I> n capillary leaf, as in the pine family, (Conifers,) fig. 12, or else 
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on its edges as in the cycas family. Figs. 12 and 13 represent cr088 
Fig. 12• ' Fig. 1a. sections of the capillary leaves of naked 
seeded plants. The .Angiosperms, on the 
contrary, bear their seeds enfolded within 
the capillary leaf or seed vessel, (figs. 14 and 
Fig.14. Fig. J5. 15,) as in all the ordinary flowering plants. 
The .Angiosperms are again subdivided into 
Monocotyledons, ( one cotyledon or seed leaf 
in the embryo,) fig. 16, and Dicotyledons, 
(two seed leaves in the embryo,) fig. 17. 
Fig. 16. Fig. 17. 
____________,. 
Phrenogams, Monocotyledons, 5 ngiosperms. ~ Dicotyledons, i A . Conifers & Cycadre, Gymnosperms. 
CryptoO'ams ~ Vascular Cryptogams. 
l':, ' { Cellular Oryptogams. 
Now, the most important means of determining the families of coal 
plants are the internal struct-ure of the stem and the venation of the 
leaves. Generally, indeed, these are the only means at our comm~nd. 
Let us inquire, then, how the great divisions of the vegetable kmg-
dom are characterized in these respects. 
. Among Phcenogams there are two very distinct types or pla~s of 
mternal structure of the stem, viz: the Exogenous, or outside-growmg, 
and the Endogenous, or inside-growing; the one represented by the 
hard-wood trees and shrubs, the other by the palms, canes, g~as~es, 
&c. On cross section of an exogen (fig. 18) we find three d1st_mct 
zones of tissue. In the centre a zone of cellular tissue, the P1th ; 
e:"Kterior to this a z0ne of wood, and around this again a zone o~ cellular 
tissue, the bark. The zone of wood is moreover subdivided rnto con-
centri~ rings, which represent the ann~aI layers 'of growth, and se~a-
rated 1~to wedges by radiating lines of cellular tissue (silver. grarn} 
connectmg the cellular tissue of the pith with the cellular tissue 0 
Fig. 18. Fig. 19. 
the bark. In the Endogens, 
on the contrary, we have thf 
woody tissue in the ~orro 0 
-~_:_:_:.~~ •• .:.·~·.~_:.,_:·_-~_·._~.-:.·:
0
··,, ••• :::_'.:."·:_·-~~-~:.·_.~_::_.~:' •• ~• ,'.~.: __ : ·:_.- !~~~:i~;~.?~~tr :f :iti 
· ..,;.---:;·. -~ , ~ of an Indian corn 18 a . 
~ . /. · '_'\.,, .,!/ .. :··.·:/ miliar illustration of l~i ~ /:,<~ ·., '' . _... . . . . . structure. If such a sta 
~::.r. ··· ·' · '/i--;-:<·' broken across and the two 
. parts carefully separated,~; 
thread-hke bundles of woody and vascular tissue are observed to dr 
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out from the softer cellular tissue. Here we observe no distinct pith; on 
distinct bark separable from the wood ; the wood not collected into a 
distinct zone; not arranged into concentric layers, nor divided by me-
dullary rays. The exogenous plan of structure includes the Dicoty-
ledons and the pine and cycas families; while endogen may be con-
sidered synonymous with monocotyledon. 
In the vascular Oryptogams the woody and vascular tissue is still 
differently arranged. The stem of a club-moss, for instance, consists 
of a mass of cellular tissue inclosed in a rind of the same tissue more 
condensed, with a single central thread of vascular tissue. Sometimes 
there seems to be in the centre of this something like a very imperfect 
pith. The cellular Oryptogams, as their name indicates) consist 
entirely of cellular tissue. 
It will be observed that, in the general structure and mode of 
growth, the family of pines (Gymnosperms) is allied to the highest 
order of plants, viz: the Dicotyledons, while in its reproduction it is 
below the Monocotyledons. This latter position is beyond doubt the 
true one; and a more attentive examination of the wood of pine in 
comparison with that of Dicotyledons will confirm us in this view. 
As this is a very important point, and as much false theorizing on 
the subject of the plants of the coal has been the result of a miscon-
ception of the true position of conifers, I will dwell a little more 
minutely than I should have otherwise considered it necessary to do. 
The wood of Dicotyledons consists of two dis- Fig. 20. 
tinct tissues, viz: the woody tissue proper and the ·1 
vascular tissue . The woody tissue proper is com-
posed of elongated cells, too small to be distin-
guished by the naked eye, while the vascular tissue 
fa composed of very much larger cells or tubes. 
The visible pores in such wood as oak) chestnut, 
vine, &c., belong to this tissue. Fig. 20 repre-
sents cross section of two wooden wedges, with 
their medullary rays. The comparative size of 
the wood cells and the vessels is well shown. The 
difference is often much greater than in the figure. 
In pine wood, on the contrary, there is no distinction of woody and 
va~cular tissue; but the so-called wood consists entirely of an open, 
tlnn-walled tissue, intermediate in every respect between the vas-
cular and the woody layer and thinner walled than the true woody, 
but smaller than the true vascular. This is shown in the cross 
ection, (fig. 21.) On a longitudinal section, (fig. 22,) the cell 
of pine wood are marked by large disc-like elliptical plates, which 
~re entirely characteristic of this family. The smallest fragment 
1 sufficient to distinguish it with the utmost certainty. 
Now, if we trace the development of the tissue , eit~er by pa in_g 
from the lowest to the ];iigbest plants, or from the earliest embryomc 
to the mature condition of one of the higher plants, we shall find that 
all the different kinds of tissue are modification of the cellular; that 
there is a more and more complete differentiation of form and special-
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ization of function as development proaresses 
The longitudinal system is first formed by 0modifi: 
cation of the cellular, and then this is again differ-
entiated into the two forms of woody and vascular 
tissue. Now, in the pine family, this last differ-
entiation has not taken place. So far as its tissues 
are co.ncerned, therefore, this family should rank 
below all other flowering plants. 
Let us next examine the different classes of 
plants with respect to the venation of their leaves. 
With respect to their venation the leaves of 
plants are divided into three distinct kinds, viz: 
the reticulated, or netted veined, the parallel 
veined, and the dicholomously veined. In the 
first the veins branch and again run together, 
forming an inextricable net-work. (Fig. 23, a.) 
In the second the veins run parallel from one end 
of the leaf to the other, connected only by slender 
transverse bars, so that the leaf may be torn into 
Fig. 23, 
0 
·1 
parallel rib-
bons. (Fig. 
23,b.) Inthe 
third the veins 
branch, but <lo 
t.wt run to-
gether again. 
(Fig. 23J cand 
d.) The fi~st 
is charactens-
1 ic of the Dico-
tyledons; the 
second of the 
M O n oco tyle-
dons; and the 
third of the Ferns-perhaps of the vascular Oryptogams ~enerally. 
The leaves of cellular Cryptogams are veinless. In th1~ enume-
ration it will be observed I have not mentioned the Oon{fers. To 
which cl~ssJ then, do the leaves of the pine family belong? U ndoubt-
edly to the third. This fact cannot be easily demonstrated upon 
leaves of ordinary pines, for their cylindrical leaves show no bern 1, or, if visible, they seem to be parallel. But there are a few roa~-
~eaved Ooniflrs~ an~ these al ways show the dichotomous bran\~ 
mg of the vems m the most unmistakable manner. In t. 
Salisburia, for instance, we have as beautiful an instance of th1s 
mode. of br~nching as can be found among the Ferns. The leav:J 
of this Conifer are about two or three inches broad, the shape a 1 venation very similar to that represented in Fig. 23, CJ but D}UC 1
more beautiful. This close alliance in the venation of the leaves 
bet~~en the pines· and the ferns is another evidence of the t'~ 
P0 ~1t10n of the former among flo,vering plants. Thus it appears t 3, 
this remarkable family of plants is allied to the highest Ph(f3nogat1UJ 
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in the general structure of its wood, and to the Oryptogams in the 
venation of its leaves. If there was no other evidence we mio-ht be in 
doubt as to its true position ; but the simplicity of its rep;oduction 
and of its tissues settles the question, as it seems to me, forever. 
'l1here are other points of alliance between pines and club-mosses, 
which it would lead me too far to notice. In fact this family seems 
to be, in a remarkable degree, both a connecting and an embryonic 
type, and therefore, as we shall presently see, eminently calculated 
to throw light upon the plants of the coal. 
Let us now attempt to apply these principles in the interpretation 
of the plants of the Coal, and particularly of the four families already 
taken as representatives of the flora of this period, viz : the Ferns, 
Sigillarice, Lepidodendron, and Oalamites. We shall confine our atten-
tion principally to the second and third. With reference to the 
Ferns there is little dispute ; their unmistakable resemblance to the 
ferns of the present flora leave no doubt as to their affinities . I will 
only remark, in passing, that many of the coal genera of this family 
eem to have affinities also with the Oycadce and Ooniferce. With 
reference to the other three families the difficulty is much greater; 
they are generally supposed, however, to be most nearly allied to the 
Lycopodiacece ( club-mosses) and the Equisetacem, (horse-tails ;) the 
Sigillarire and Lepidodendrons being considered most nearly allied to 
the club-mosses, and the Oalamites to the horse-tails. If so, then we 
are at once struck with the enormous size of the coal plants in com-
l)arison with their humble representatives at the present day. Sigil-
la'rire and Lepidodendrons attained the amazing height of' seventy to 
one hundred feet , and a diameter of five to six feet, while the club-
mosses of the present day seldom rise to an altitude of more than a 
fow inches. Galamites attain a diameter of fourteen or fi.r'teen inches, 
and a height of thirty to forty feet, while the horse-tails are among 
our humblest plants. This enormous difference in size is sufficient of 
itself t o lead us to suspect that these are not true club-mosses and 
horse-tails. Let us examine them more closely. 
Here you have rude sketches of these families. This is Sigillaria . 
This genus is so little known as to its external appearance that I 
cannot represent or speak of it with any confidence. In almost every 
case it is formed as a straight cylindrical trunk, without branches or 
len.vcs. So that, although this plant is so common, yet its mode of 
branching and the form of its leaves is still a matter of dispute among 
botanists. In a few cases Sigillaria trunks have been found to bifurcate 
~nd produce long cylindrical branches. In a single, perhaps _doubt-
ful, _case (Sig . lcpidodendrifolia) leaves have been f~nncl similar to 
Lepidodendron. One of two views seems probable: e1tl1er tha.t many 
so-called Lepidodendrons so commonly found in connexion with 
Sigillaria, are the branch~s of the latter, in which case the hrn.nching 
and foiiage of this genus are similar to the Lepiclod nclron, or 01 <-' 
tliu.t S r,tllaria like tree ferns were generally branch les ·, and that tho 
lnrge :ft·onds, '(generally supposed to belong to ?i;rns,) which arc r:o 
co,nruonly found strewed in profusion about thmr bases, were thmr !et v s. What I have represented by these sketches are therefoi:e 
ideal restoration~ on the former hypothesis, 1 athcr than actual spec1-
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mens. You will observe, then, the sparse dichotomous branching the 
cylindrical limbs with blunt extremities, so characteristic of the ~lub-
moss, but which is found, also, in some species of pines. Like the club-
moss, too, the leaves are crowded, pointed, strung along the stem for 
some distance, _but longer, _slenderer, and ?30re nearly resembling the 
leaves of the pme. On this trunk you will observe the seal-like im-
pressions (sigilla) characteristic of this family, and from which it 
name is derived. Also longitudinal depressions running from one 
end of the trunk to the other, and along which the sigilla are arranged 
in vertical rows. Thus each trunk of a Sigillaria resembled a noble 
fluted doric .column beautifully but variously sculptured the pattern 
changing with the species. These sigillae are evidently leaf scars, 
and therefore indicate the leaf arrangement peculiar to this family. 
The Lepidodendron, of which you have here a drawing, was still 
more like the club--moss, the crowded leaves being shorter, rhomboidal, 
and more scale-like, the same long, slender, cylindrical, sparse dichot-
omous branches. But even here we find an almost equal resem-
blance to Conifers, for it will be recollected that in a large number 
of Conifers as the Juniperus, the .Araucaria, &c., the same rhomboidal, 
plaited scale-like leaves prevail. The impression of a shoot of an .Arau-
caria could scarcely be distinguished from that of some species of club-
moss, except by superior size of the former. In its fructification there 
is the same difficulty, for it is doubtful whether it most nearly resem-
bled the cone of pines, or the cone-like fructification of club-mosses, 
altho1;gh tbe recent investigations of Hooker leave little doubt that 
the latter is the truer view. All that we know, then, of the external 
appearance of these families lead us to the conclusion that they were 
intermediate between pines and club-mosses, and that the Sigillaria 
approached most nearly the pines, and the Lepidodendrons most nearly 
the club-mosses . 
. Let us next see what light is thrown upon this subject by examina-
t10n of the internal structure. 
Fig. 24. Fig. 25. 
Cross sc~tion of Si,qillaria: a the pith; b the I Cross and Iongitudin:l section of Sigillat;i 
":00~Y cylmdcr; c the cellular _tissue; d the letters represent same as in fig. 24; ff I 
nn<l, ethe bundles of vascular tissue running leaves. 
from central sheath to the leaves. 
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If we make a section of the stem of a Sigillaria, (figs 24 and 25,) we 
find externally a bark, or, more probably, a rind(a) of condensed cellu-
lar tissue, sometimes a half or an inch thick; within this an enormous 
amount of loose cellular tissue,( c,) often 2 feet or more thick. Through 
the centre of this runs a slender sheath(b) of vascular or woody tissue, 
which in a Sigillaria 5 feet in diameter is not more than 3 inches in 
diameter; a mere thread of vascular in the midst of a mass of cellular 
tissue. This again incloses a small pith (a) which occupies the very 
centre of the trunk. These vascular cylinders, with their inclosed pith, 
being the most indestructible portion of the trunk, are often found 
alone, and described under the name of Epdogenites. Figs. 24 and 25 
represent cross and longitudinal ideal sections of this plant, (a) the 
cellular tissue of the pith, (b) the vascular or woody sheath, (c) the 
mass of cellular tissue between the vascular sheath and ( d) the rind, 
(e) slender vascular bundles connecting the leaves with the central 
sheatn. Upon closer examination of this woody or vascular cylinder 
(b) it is found to consist of concentric layers, somewhat analogous to the 
layers of growth of exogenous trees, and divided into wedges by medul-
lary rays, like the tree exogens. Upon still closer examination, how-
ever, of a good cross section under a microscope (fig. 26) no distinction 
of vascular and woody tissue, such as is found in the wood of Dicotylo-
dons, is observed, but the whole is made up of one kind of tissue, open 
and thin-walled, in comparison with woody tissue proper, but closely 
resembling the wood of pines. But a longitudinal section shows no 
disc-like markings such as characterize the wood of Conifers, but 
Figs. 26 and 27. 
ll (} I 
Fig. 28. 
Fig. 28. A cross sr ·tion nncl longitndi1111J section 
of a SigiUaria . 'l'he letters a, b, c, d, e represent 
same as in previous fig: . 1, 2, 3 arc the :J la,rcr.~ 
of the va cular cylinder b, m isa meclullnry ray. 
;e~eals the fact that it consists entirely of spiral vessels, (figs . 27 and 
7 'land that, therefore, the sheath of the Sigillaria consi tg of va cu lar 
rat er than of woody tissue. In con eq uence of the great pr eel mi-
1;,ance of cellular tissue, these stems, as well as those of th Lepido-
cendron and Oalamites, are generally found very much flattened by 
pressure. 
11 s 
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A cross and longitudinal section of the Lepidodendron shows a 
s·imilar but still less highly organized structure, (figs. 29 and 30.) 
Fi!!, 29. Fig. 30. 
The vascular sheath is still smaller, extremely thin, forming on 
cross section an exceedingly narrow zone. It is moreover not separated 
into concentric rings nor divided by medullary rays. The cellular 
tissue both within and without the sheath is very open and loose. 
The rind (d) consists of similar cellular tissue, but more condensed, 
and there seems to be no line of demarcation, but a gradual transition; 
in other words, there is apparently no true bark. Here, also, ~e find 
loug slender bundles of vascular tissue (spiral vessels) connectrng the 
leaves with the central sheath. Microscopic examination of the vas-
cular sheath shows no sign of woody tissue. 
Oalamites we know much less about, but it would seem that in them 
there is a still greater predominance of cellular tissue, if, indeed, they 
possessed any vascular tissue at all. They are often found pressed 
perfectly flat, indicating that they were either hollow, or more probably 
consisted of a simple rind of condensed cellular tissue, inclosing looser 
tissue of the same kind. Of this plant, however, we know too little to 
draw any conclusion as to its affinities. 
Now, if we examine by sections a common Lycopodium, or club-moss, 
we find an internal structure closely resemblino- what we have found 
in Sigillaria and Lepidodendron. Externally ; thin but tough rind, 
or epider~is of condensed cellular tissue, inclosing a mass of very loo e. 
cellular t1srne, through the centre of which runs a slender thread 0}. 
vascular tissue, sending off in every direction still slenderer threads 0 
the s~me to the crowded leaves. Upon longitudinal section th~ vascu-
lar tissue is found to be chiefly spiral ducts. The principal d1fferenc~ 
between this structure and that of the Lepidodendron is that the latter 
h~s a more perfect pitht and in this respect seems to be allied to_t~~ 
higher order of plants. But I am convinced from personal exarmn 
1 tion of the Lycornodium, that its vascular thre~d was the outline of bot_ 1 
• h 1,v • t thJ ' pit and medullary rays. I call more particular attent10n ° · 
observation, because) as far as I know it is new and as it seems to rne 
1 1 ' ' ca cu ated to thrnw much light on the affinities of coal plants. 1 This very remarkable structure, viz: the existence of a slenc er 
central thread of vascular tissue in the midst of a large mass 0~ very 
loose cellular, doe · not exist, I believe, among existing plants in the 
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mature condition, except in the family of club-mosses. In the embry-
onic state, however, of the Dicotyledons we find something similar. 
If we make a cross section of a Dicotyledon soon after germination, 
i.e., while the first two or three pairs of leaves are expanding, we will 
find a structure very similar to that of the Lepidodendron. We find 
in the centre a small pith surrounded by a thin zone of vascular tissue, 
(mostly spiral vessels,) around this a large mass of cellular tissue, des-
tined to become partly bark and partly wood; but which is yet neither 
one nor the other, and the whole inclosed in a thin epidermis of con-
densed cellular tissue. 
'l'hus it appears, both from external and internal examination, that 
these families combined the characters of pines and club-mosses. Or 
if we are disposed to attach mor'1 importance to their exogenous affini ~ 
ties, and thus to place them among the pines, then we must compare 
them with the earliest embryonic condition of this class. '1.1he true 
view, I am convinced, is, that they are both connecting and embryonic 
types, or connecting types with embryonic characters. In fact, all 
embryonic types seem to be more or less connecting, and conversely 
connecting types, at least in Pakeontology, are also embryonic. Now, 
what I have said of the Sigillaria and Lepidodendron is equally true, 
I believe, of other coal plants. I have taken these two because they 
are better known ; but all that is known concerning other genera 
eem to point in the same direction. They all seem to be more or less 
connecting types. The Sphenophyllum, Noggerathia, and probably 
many of the so-called Ferns of this period are of this character. 
Let us inquire now what important conclusions may be drawn from 
what we have seen of the affinities of these plants: 
1. The distinction of plants into Oryptogams and Phrenogams is 
considere<l by botanists a fundamental one. Many recent investiga-
tions, however, have combined to throw some doubt upon the entire 
di tinctness of these classes. The study of the Coal Plants, particu-
larly of the two families Sigillaria and Lepidodendron, it seems to me 
entirely destroys this as a fundamental di vision, or, at least, as one at 
!l comparable to the great divisions of the animal kingdom. The 
1nnes belong unequivocally to the Phr.enogams and the club-mosses to 
t~1e Oryptogams. If the Sigillaria and Lepidodendron are connecting 
lmk between these two families then the classes to which they belong 
can no longer be considered as fundamentally distinct types or 11lans 
of tructure. The study of animals, both existing a.nd extinct~ have 
confirmed the wonderful generalization of Cuvier. 'l1he four type -
Vertebrata, Articulata Mollusca, and Radiata-were as distinct during 
th~ p~lffiozoic period' as now. If such distinct plan of ~tn~cture 
exist m the vegetable kingdom at all they have not yet been indicated 
a uch by botanists. The distinction into exogen and ntlogen w uld 
~e~ m?re likely to be fnndam~ntal,. as this is apparc~tly not ,a. mere 
ch tmct1on of rank or complexity of structure, but of plan of struc-
nr . If so, then we shall probably be able to trace these two types 
downwards until, overleaping the distinction of Plaenogam. and 
Cryptoyams a one of complexity of structure only, they reach the 
lower confines of the yegetable kingdom. 
2. W c have seen that the plants of the coal are mo t) if n tall of 
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them, connecting types with embryonic characters. This is not an 
isolated fact, but one which meets us at every step in the course of our 
study of the geologic history of the earth. It is but one illustration 
of a general law, a law of the deepest philosophic import, and yet one 
which is still very imperfectly recognized among geologists. The law 
may be thus stated: 'l1he :first introduced animals or plants of any 
class have been combining types, i. e., have united within themselves 
the characters of several families, now distinct and even widely sepa-
rated. Thus the :first vertebrates introduced were fishes, but not 
typical :fishes, as we might be led a priori to expect, but Placoids and 
Ganoids, families which, particularly in their earlier 1epresentatives, 
united with ordinary :fish characters others which connected them with 
the class of reptiles, and even of mammals; and still others which 
connect them with the embryonic condition of the typical :fishes. It is 
this combination of embryonic characters with others which connect 
them with the higher classes, this union of high and low characters, 
which has given rise to all the dispute concerning the position of these 
families in the scale of Fishes as well as to much of the difference of 
opinion concerning the law of succession of animals in Geology. 
Again, the first introduced reptiles, viz: the reptiles found in the old 
red sandstone and coal, are the most remarkable instances of con-
necting types of which we have any knowledge. In the :first place 
they seem to have been amphibious, (in the proper sense of the word,) 
and thus to have connected land animals and water animals, air 
breathing with water breathing, and all of them united characters, 
which are now represented by widely separated families. To give a 
single instance: the carboniferous reptile, recently described by Pro-
fe'ssor Wyman and exhibited at the last meeting of the Scientific As-
sociation at Albany, so remarkably combined characters which are now 
parce11ed out between the three families of Bat'J'achians, Saurians, and 
Ophidians, that this distinguished comparative anatomist se~med 
almost at a loss as tow hich of these families to assign it. He dec1d~d, 
however, that it most nearly resembled a Salamandroid Batrachian 
with characters closely connecting it with the other families already 
mentioned. 
The Labyrinthodon of the new red sandstone has been classe~ by 
some anatomists with Batrachians and by others with crocodiles. 
There seems yet a doubt whether it should be called a tailless crcco-
dile or a crawling frog with crocodilian teeth. The huge Saurians of 
the seco~dary period combined reptilian with fish, and even _some 
man:mahan cha~acters. Even in the tertiary period and in the rntro-
~uct10~ of_ the lnghest animals this law is not forgotten. '!he recent 
rnvestigations of ProfeEsor Owen have shown that the first mtroduced 
Pachyderms were not typical Pachyderms, but that they combined_tb_e 
characters of Pachyderms and R1-1,minards to such a degree that 1t 18 
almost impossible to assign them with certainty to one or the 0th8r 
order. In fact, the study of these extinct forms has led this great 
a~a.t~mist to class the Pachyderms and Ruminants together as sulr 
d1v1 10ns_of one and the same order. d 
Th us rn every case_ in the. e~r liest faunro a.nd :florro one cl~ss stoosl 
for many. The earliest. fam1hes combined the characters of sever 
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families or classes, and stood as their representative until these fami-
lies or classes were separately introduced. The Placoids and Ganoids, 
for instance, stood during almost the whole palreozoic period the sole 
representatives of the vertebrate type, combining in themselves the 
characters of all classes, and thus prophesying their coming, until 
Nature was fully prepared for their introduction. The SigiUaria and 
Lepidodendron stood as the representatives of both Oryptogam and 
Phmnogam, until these two ideas were separately and more distinctly 
expressed by the subsequent introduction of the typical forms of these 
two classes. It is as if Nature first sketched out her work in general 
terms and then elaborated each subordinate idea in separate fa,milies; 
all these families, taken together as an organic whole, still containing 
the original idea in a more completely developed form, as if the pro-
blem of organic nature was first expressed in a few simple but com-
prehensive symbols and then differentiated. Organic nature has 
often been compared to a broken chain, the di~jointed links of which 
are the widely separated and distinctly marked families of the present 
fauna and flora, and the connecting links of which are to be founrl 
deep buried in the st,rata of the earth. But the complexity, the 
beauty, and, more than all, the life, growth, and development of Na-
ture, is not to be represented by any such miserable mechanical con-
trivance as a chain. It is rather a tree-a tree of life-a tree who e 
trunk is deeply rooted in the lowest palreozoic strata) whose first 
giant arms are given off in the carboniferous, which branch again in 
the secondary and again in the tertiary periods, while its extreme 
branchlets, and also its flower and fruit, are the fauna and flora of the 
present epoch. The object of geology is to trace each branch to its 
follow branch, and each limb to its fellow lirn b, and thus gradually to 
restore the whole noble form and determine the laws of its growth. 
This differentiation, this passing from simplicity to complexity, 
from unity through diversity to a higher unity, is the fundtimental 
law of development. Let me illustrate my meaning by a few simple 
examples: The ultimate anatomical elemeu c1:1 of every organized body, 
whether animal or vegetable, are cells. The whole body is made up 
of cells, and all the bodily functions are performed by cells. In fac:t, 
the body may be looked. upon as an organized community of indi-
yidual cells. Now, if we trace these cells from their earliest condition 
rn the embryo to their mature condition in the fully developed animal 
or plant, or from the lowest animal or plant regularly to the top of 
the scale, we will observe a most beautiful in tance of the difforen-
tiation of which I speak. The cells are at first all alike, irn ple and 
globular, and each performs all the functions appertaining to cell, , 
though comparatively jmperfectly. But as development ac.lva.nc 'S th~ 
c~ll begin to take on different forms and to perform differ nt _f\mc-
tion . Some become nervous cells, some mu. cular cells, , ome hilmry 
cell , &c., until, in the mature condition ancl in tho highest an~mal , 
th~ diversity of form and specialization of function. reache th. h1~hest 
po1nt, each form of cell beinO' confined to the performauce of a smgle 
function. b 
If, instead of the ultimate anatomical elem nt , the cells, we take 
the proximate anatomical element , the organ ·, or even the regions or· 
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the body, still the same differentiation of form and specialization of 
fuction is observable as we pass from the embryonic to the mature 
condition, or from the lowest to the highest. an~mals. I might give 
many other examples taken from the orgamc kmgdom. I will give 
hut one oth~r ex.ample, and that _taken from a still _higher kingdom. 
Human society 1s also an orgamzed body, the ultimate anatomical 
elements of which are individuals. Now, in the earliest conditions of 
human society we find these elements, so far as their social functions 
are concerned, identical. Each man performs all the social functions 
apertaining to man. He is his own tailor, shoemaker, agriculturist, 
scientific man, ..&c. But in proportion as society advances in the same 
proportion does specialization of social functions advance, nntil, if we 
could conceive of a society perfectly organized on a purely material 
basis, i. e. according to the French material philosophy, thP-n the 
1wcial function of each individual would be reduced to the narrowest 
possible limits. This is only impossible or undesirable on account of 
man's moral and spiritual nature. Still it is no less evident that, in 
so far as human society is a materfal organization, specialization of 
function, differentiation is the law of development. 
Now, it will be recollected that in the geological history of animals 
and plants we have eve"rywhere found the same differentiation of form 
and specialization of function. As in the history of the animal body, 
one cell form in the embryo was the representative of many wi~ely 
tieparated cell forms in the mature animal; so also in the geological 
history of that greater and more complex organism, the animal and 
veget:.:i.ble kingdQm, one form in the early periods stood as the repre-
r:entative of many widely separated forms in its present mature c?n-
dition. Am I not justified, then, in saying that the great law which 
has governed the introduction of successive animal and vegetable spe-
cies is that of gradual development of the animal and vegetable king-
dom as an organic whole? . 
It seems to me that all the dispute and misunderstanding on ~hi 
subject have been the result of too narrow a view have arisen from fixing 
the mind upon genera and species instead of upon the larger divi~ion 
of cla~ses and orders, upon the individual elements instead _of the 
orgamc whole. Developmrnt does not necessarily involve th~ 1~ea of 
progression in an the individual elements. In the di:fferentiat10n of 
the ~ells of the living body, of the individuals of an advancing c?m-
mumty, or of the forms of an advancing fauna, the whole orga~rnm 
pro~re~Sf:S, bnt as a necess_ary res~lt of di:ffer~ntiation, while the higt 
est rn?iv1duals are successively higher and higher, the lowest, consi 
ered m themselves, and not as parts of an organized whole, may 
become lou:er. Certainly the difference between the high and the low 
becomes constantly greater. It should not surprise us, then, tba~ 
~ome of the low~st for1:11s of animal life have been among t~rn _lat\r 
rntroduced. It 1s preCJsely what, according to a true appreciatJOn 
the law of development, we should be naturally led to expect. . bl 
.Mr. Hugh Miller, the eminent Scotch geologist, in his adm_ira f 
w~rk, ". Footprints of the Creator,'' by taking too limited a view 0t 
th1 
. subJect, has been led if not into error at least into a staternen 
f h' h ' ' L ck-o views w ic has misled many. In his zeal against the amar 
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in.n theorists, and more particularly against the author of the "Ves-
tiges of Creation," he has attempted to show that, in certain families, 
at least, the law has been that of degradation, instead of progression. 
He has labored to prove that the earliest :fishes have been the highest, 
instead of the lowest fishes, and that the earliest reptiles have been 
higher in the scale than the present reptiles. This idea has been 
eized upon by some in this country, and it has been attempted, by 
connecting it with the fall and degradation of man, to show that the 
universal law of history, both geological and human, is degradation. 
The disciples of this melancholy philosophy believe that divine power 
successively introduced higher and higher classes, but each class, left 
to its own laws, continued to degrade itself. The Deity repeatedly 
attempted progression, by the miraculous introduction of successively 
higher classes, but some malign influence as constantly interposed 
and, to some extent, frustrated these attempts. 
Now, it is evident that these theorizers have never thoroughly 
grasped the fundamental idea of development. They mistake speciali-
zation for degradation. Upon this theory all our boasted modern 
civilization, so fat as it is the result of division of labor, specialization 
of social functions, and mutual dependence of parts, is degradation. 
Upon what ground are the Ganoids and Placoids considered the 
highest fishf's? Only on the ground that they combine with their 
fish characters others which ally them with the higher classes, par-
ticularly with reptiles. In other words, they fall into the very error 
of the Lamarckians themselves, viz: that of supposing that the ani-
mal kingdom is to be represented by a linear series, and that, there-
fore, the highest fishes approach the lowest reptiles, and the highest 
reptiles the next higher class, &c. But the very reverse of this is the 
fact. The animal kingdom should be represented by an infinitely 
~ranching tree, rather than by an ascending right line ; for we find, 
rn every case, classes approach each other jn the lowest members of 
e~ch, and diverge as they ascend. Thus, it is the lowest, and not the 
l11ghest plants, which approach the animal kingdom. As we ascend, 
they become more and more wi<iely separated, until, in the highest 
representativeR of each, the separation naches its highc t point. ~ o 
al _o each branch of these kingdoms diverges from its fellow branches. 
It 1s, therefore, in its lowest, not its highest, members that we 1,hould 
naturally expect, according to the law of differentiation, the class of 
fi hes to approach the class of reptiles. In some sense, indeed, Pla-
coids and Ganoids may be considered higher than typical fi h . 
rrheir brain and nervous system is more highly organizecl) their re-
pro~uction is more complex, their young are better cared for. Dt~t 
it w11l be recollected that they are both connecting and embryomc 
type . Now, it is their connecting characters which seem to elevate 
them, for their true fish characters arc all embryonic. As vert,brates 
they may possibly be considered higher than other fi h s, hut aH 
fi_ hes they must be considered low. Anatomi. ts may place tr.cm 
high hut morphologists will alwa:Ys pl_ace t_hcm l~w. I~ th~ everal 
clas e' of the animal kino-dom, d1vergrng in van u d1r ctrnn., be, 
as it were, projected upon ba vertical plane, the Placofd, and Uanoid8 
1nay pos. ibly occupy a higher po ition than the typical fi hes; but, 
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in such a rectilinear projection, all the variety and beauty of nature 
is lost. It is evident that, for purposes of classification, the mor-
phol_ogist is right; f?r if ~he princiJ?le of the a~atomists is consistently 
carried out, no class1ficat10n 1s possible, for ammals the most diverse 
an echinoderm and a fish, may be brought together. The Divine classi: 
fl.er, in the introduction of species, has followed the principle of the 
morphologist. 
Geology, then, teaches, and, as it seems to me, unmistakably 
teaches, that the law of succession of animals and plants is that of 
progressive development in time of these two kingdoms. But, 
although there has been a development, it is not the development of 
the Lamarckian, of the author of the Vestiges of Creation, and the 
pantheist. The development which geology teaches is not a develop-
ment which is the result of physical laws and physical forces. If 
there is anything which geology teaches with clearness, it is that 
the animal and vegetable kingdoms did not commence as monads, or 
vital points, but as organisms so perfect that even the maddest La-
marckian must admit that they could not have been formed by agency 
of physical forces ; that species did not pass into one another by trans-
mutation, but that each species was introduced in fu]l perfection, re-
mained unchanged during the term of their existence, and died in 
full perfection ; that physical conditions cannot change one species 
into another, but that a species will give up its life rather than its 
specific character. In passing from the equator to the poles we pass 
from one geographical fauna to another 1 from one set of species to 
another, but observe no transmutation, but only substitutions; so 
also in passing from the oldest geological to the present fauna we 
pass from one set of species to another ; not, however, by transmuta-
tion, but always by substitution. This has been repeated so man_y 
thousand times in the geological history of the earth that there 1s 
no room for doubt on the subject. As far as the evidence of geology 
extends, each species was introduced by the direct miraculous interfer-
ence of a personal intelligence. There has, indeed, been a constan!lY 
increasing series, but the connexion between the terms of the eenes 
has not been physical or genetic, but intellectual ; not founded in the 
laws of reproduction,. but in the eternal counsels of the Almighty. 
There has, indeed, been a development, but not _a development the 
force of which exists within the thing developing ; but rather th~ ~e-
velopment of a great work of art, under the hand of the Dmne 
~rtist-a work conce~ved in eternity, and elaborated throughout all 
time. What an overwhelming idea this thought gives us of the un~ 
changeab!eness, the all-comprehensive intelligence and foreknowled~e 
?f th~ Deity! .The infinite diversity of nature, the whole idea of this 
mfimte work ot art, was contained in the first strokes of the Great 
Artis~'s pencil, and the ceaseless activity of Deity has been exercised 
only rn the eternal unfolding of the original conception. 
LECTURE ON THE V A8TNESS OF THE VISIBLE CREATION. 
BY PROFESSOR STEPHEN ALEXANDER OF THE COLLEGE, OF NEW JERSEY. 
My object on this occasion is, in itself, a very simple one. I desire to 
give some illustrations of the vastness of the visible creation, as made 
known by modern astronomy. I say emphatically modern astronomy, 
for some knowledge of this science is probably nearly as old as 
the world itself. Almost from the first issuing of the great decree 
that the sun and moon should serve for signs, and for seasons, and for 
days, and for years, men have been careful to observe the heavens; 
for the Great Creator had so written that decree upon the heavens 
themselves that men have not been slow to read the lesson thus visi-
bly inculcated. I would observe, moreover, that the objects of astro-
nomical research, with very trifling exceptions, are, of all others, with 
which we have to do, the most unalterable. It is almost exactly true 
that the very constellations which we now see wRre gazed upon by the 
antedeluvian patriarchs; were in full view of Noah when the great 
flo.od of waters was upon the earth; met the upturned eye of Abraham 
when he was led out by Divine command to behold in them the sym-
bol of the promise; guided the ancient Greeks in navigation, and 
still serve the modern astronomer as so many guiJe-points in the 
heavens. 
My purpose, as already indicated, is to illustrate, not to demonstrate. 
To accomplish the latter in a single lecture would not be practicable; 
and certainly of astronomy, above all other sciences, it is true that it 
may throw itself on its character for veracity when it requests that its 
conclusions should be received as reliable. A science which can trace 
~ comet in its course, where no eye has had even a telescopic view of 
it for three-quarters of a century, and bring it back by computation 
correctly almost to a day, or which can predict an eclipse a century 
hence as readily as one that will occur this year, and to whose accu-
racy experience throughout bea.rs such abundant testimony-such a 
science may fearlessly throw itseH' on its ch~racter for veracity. ~e-
fore I proceed, however, to elucidate the subJect, let m~ call attention 
for a moment to an old-fashioned problem, whose bearings upon the 
u?ject will, I trust, be presently seen. I allude to the problcT? ?f tl~c 
pnce of a horse, in which a farthing was allowed for the first nail rn his 
shoes, two for the second four for the third, and so on. 'l1bcre were 
thirty-two nails in all and yet from the small beginning of a farthing, 
. ' ' l owing to this doubling thirty-0ne times, the value ~f the horse w11s on Y 
to be computed in millions of pounds. Now, w1t,h reference to the 
ubje?t of astronomy, we shall have occasioi:i to sec that, though com-
me~c~ng with a comparatively moderate umt, w_e shall acl~a.n~o upon 
~ s1m1lar plan, but much more rapidly. Keepmg, th~n, lD: v1c\~ the 
11lu t~ation already given, you will at once ee ho_w gwunt1c, after a, 
very fe~ steps, must be the last result cot1;1pared_ with ~he ~r t. ur 
~r -t obJect to-night will be· to gain some idea of th? size of the_ earth 
itself, on which wc stand. The half diameter of the earth 1s the 
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measuring unit with which to compare the distance of the earth from 
the s~n, and thus obtain a new unit with :vhich _after.wards to compare 
the distances of the other planets. To give a Just idea of the size of 
the earth we will avail ourselves of the largest tangible measure at-
tainable, that is, the highest mountain on the earth's surface. The 
highest mountains are the Himalayas, their altitude being five and 
a half miles. Now, we do not exaggerate when we say that, if we 
could uncover the base of one of those mountains, it would cover four 
times the original area of the District of Columbia, or the surface of 
one of the ordinary counties of our States, rising above that surface 
to the height of five and a half miles, about equal to the height of 
Chimborazo added to that of the highest of the Alps. This shall be 
our standard of comparison with regard to the magnitude of the earth. 
Such a mountain is rather more than T--l"Io of the earth's diameter or 
about rto of its radius. In making the comparison, after the ordi-
nary mode, two difficulties present themselves. It is said that, if you 
represent the earth by a globe, the highest mountain on its sur-
face may be represented by a small grain of sand. You thus proceed 
from the greater to the less, whereas, in nature, we must proceed from 
the less to tbe greater. Besides, a grain of sand is too small to give 
an adequate idea of the matter to be illustrated. To avoid this we 
shall make use of a scale sufficiently large to present the mountain 
distinctly, and shall proceed in the natural order from the less to the 
greater. This diagram before me is thirty-nine feet six inches in 
length, and is intended to represent two radii of the earth opening to 
the extent of one degree. At the further end of it is a blue band, 
representing the atmosphere, and immediately beneath which is a 
small row of mountains. Their heights, on this scale, is a trifle l~ss 
than two-thirds of an inch, and their actual height, as compared with 
the real half diameter of the earth, is as two-thirds of an inch com-
pared with thirty-nine and a half feet, and doubling the half ~iam~ter 
we shall have the ratio of two-thirds of an inch to seventy-nme f~et. 
Below the row of mountains you have a dark blue band, representmg 
the ?cean. Below that again a darker portion still, representing that 
port10n of the earth's crust through which you must go to_fi~d a red 
~eat, and beyond tha .. t you have the red color continued until 1t passes 
rnto whiteness ; it indicates the depth at which we would probably 
arrive at a white heat . 
. [It would be i~possible, in a wood-cut, to do justice to th_e illustr_a-
t10n here explamed by the lecturer. The explanation itself will 
doubtles~ be sufficient. J . 
_The diame~er of the earth is, then, a very large unit in comparisonf 
with th_e height of the highest mountain. The circumference, 0 
couree, 1s more than three times the diameter. If you should attempt 
to walk around the earth at the rate of twenty miles a d~y, thre_f 
years and five months ~ould be spent in completing the circmt; aod 1 
you should fly around it at the rate at which the steam car travels, sa) 
thirty mjles an hour, you would accomplish its circuit in thirty-four an'. 
a half days; but,_if its ci:cur~.ference be great in comparison with 0rd1f 
narr stand_ards, its surface rn comparison· with that of a sphere\ 
0rdmary size must be still more enormous. The illustrations, I woul< 
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remark, that I give you here, are most of them originally devised, and 
the results in all cases verified by actual computation. We could not 
1mss over the surface of the earth and take a good look at the surface 
at a more rapid rate than that of twenty square miles a day, and yet 
this would occupy us a period of 27,0DO years. To view that portion 
of the earth which is inhabited, if we should estimate it at but one-
fourth of the whole, would, at the same rate of progress, require 6,750 
years; or to view the habitable portion of the surface of the earth would 
require, in the case of the same individual, provided he could live so 
long, more thaa the time from the creation of man down to the present 
day to walk. If the surface of the earth be so large, its capacity, of 
course, compared with an ordinary standard, will be found to be to it 
in a still greater ratio. The largest tangible measure, as I have said, 
is the largest mountain on the earth's surface. Suppose such a moun-
tain to be regularly shaped, and to have a diameter of twenty miles at 
the base, it would then contain 576 cubic or solid miles of material. 
Make use of that huge body as the unit of measurement of the bulk of 
the earth, and the bulk of the earth would contain it 450,000,000 of 
times, and even more. How can we appreciate so large a number? 
We find it even difficult to form an idea how large a number a mil-
lion is; we may obtain some idea of the vastness of numbers, such as 
those in question, by ascertaining the time required to count them. 
If, then, you should count at the rate of two per second, continuing the 
work for eight hours a day, twenty-one years and five months would be 
, pent in counting the number which expresses the bulk of the earth 
in comparison with that of the mountain. Perhaps I do not exag-
gerate the matter when I say, that the most accurate idea of a bulk so 
vast may be obtained by regarding the image which we frame to our-
selves when we attempt to form an idea of infinite space. As we 
cannot grasp infinity this image must have a dim and misty outline; 
but it may be that it approaches more nearly than anything else to 
presenting an adequate idea of the actual size of the earth. 
Having obtained some idea of the size of the earth let us proceed a step 
further, not in the way of doubling, but much faster. In RO doing we 
next notice the distance of the earth from the.moon, which is represented 
here on a much smaller scale than that employed in our first figure. 
The distance from the centre of the earth to the centre of the moon is 
about sixty radii, or thirty diameters of the earth. The magnificent 
appendage of Saturn compares very well in size with this, its diame-
ter being about twenty times that of the earth. We r[tss from this to 
the diameter of the sun, which is about one hundred and twelve tim s 
that of the earth and of course, the surface is more than ten thon-
tland times the s~rf'ac:, of the earth. The scale we have at -first adopted 
we should find to be inadequate to compare the earth with the Run. 
o ordinary apartment could contain the nece sary illu ·tration. 'I'he 
r-:cale haR therefore been reduced a thousand time., in t ncl of heing 
that of a hundred miles to a foot. This diagram is con titntecl on a 
Reale of JOO 000 miles to a foot. On it the earth has RhruuJ~ clown t 
1'tlu of an ir;ch in diameter. This, then, [pointincr to the fignre,1 is 
the relative size of the sun, 112 diameters f the earth being •qual to 
tl ,e diameter of the sun. The liveliest imagination, however excr-
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cised, can form no adequate id~a of the size of this magnificent luminary 
of the day. Its surface occupies an area greater than that of twice ten 
thousand oceans, each larger than the Pacific. And this surface is 
tossed into waves of intense brilliancy, beneath which the Himalayas 
would be buried and "melt with fervent heat;'' and whether we 
regard him as issuing from the chambers of the east, he commences 
like a giant to run his course; or whether in unveiled meridian splen-
dor, he almost seems to pause a moment to gaze upon a world rejoicing 
in his presence, or en wrapped in robes of surpassing magnificence he 
sinks to rest at night; under any and all these points of view, he is 
at once the fitting representative and chosen emblem of all that is 
good and beautiful. 
From the size of the sun we proceed, in the next place, to that of 
the diameter of the earth's orbit. But I would observe, in passing, 
that the relative size of most of the planets is represented in this 
diagram. Thus, we have that of Mercury, Venus, Mars, Jupiter, 
Saturn, &c. The moon is represented by a ball, the size of a pea, at 
1. 2. 3. 4 . . 5, 6. 
Upper li_ne-1. Mercury. 2. Venus. 3. Earth. 4. Mars. 5. Moon. 6. Jupiter. two 
Lower li~o-7. Saturn and the three l.trgest of his satellites. 8. Uranus, with the 
large satellites. 9. Neptune, with his satellites. 
the place to which I now point, almost touching the sun. That rep-
resents the comparative size of the moon. The distance from th~ 
centre to the surface of the sun is one and two-thirds the distance 0 
the moon from the earth, which iLself is thirty diameters of the earth· 
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The distance of the earth from the sun is about 12,000 diameters 
of the earth, or, if we proceed in the other way, multiplying the 
last unit, we shall find it to be 107 diameters of the sun, vast as is 
that body in exte~t. To tra~el this distance at the rate of thirty 
miles an hour, gomg on contrnually, would occupy three hundretl. 
and sixty two years and seven months; and merely to count it at 
at the rate already mentioned, that of two per second for eight 
hours of every day, would fully occupy four and a half years; 
and yet more than three times this distance the earth travels eve:r:y 
year. To turn around but once in a year requires but a very slow 
angular motion. Imagine the hand of a dial-plate to turn around 
only once in a year, how large the dial-plate must be in order that we 
might see the motion at all; yet in completing its circuit the earth 
travels at the rate of nineteen miles per second; or, while I de· 
liberately say to you, it moves, we are borne nineteen miles. This 
result cannot be in error by more than its two hundred and thirty-
flecond part . When nearest to the sun, which is about the last of 
December, we travel about three-tenths of a mile per second faster 
than this, and about the first of July three-tenths of a mile slower. 
Even this excess of velocity is fearful. Who could think of being 
conveyed, mechanically, over the surface of the earth at the rate of 
three-tenths of a mile per second. 
We are now compelled again to reduce our scale, and, instead of one, 
one hundred thousand miles to the foot, make use of one, two hundred 
millions of miles to a foot; and thus the sun, though magnificent in 
comparison with the earth, shrinks down and becomes no larger 
than the head of a pin. The orbit of the earth is represented by a 
white curve, to which the rod now points. Here we have the dis-
turbed regions of the smaller planets, and there we have portions of 
that of Uranus and the most remote of the known planets, Neptune. 
T_his long and complete curve is the orbit of Halley's comet. The 
d~stance of the earth from the sun being now taken as our unit, the 
d1stance of Neptune will be thirty times that, or thirty times ninety-
five million miles. Of course, to travel it at thirty · miles per day 
continuously would occupy about ten thousand eight hundred and 
seventy-five years. Five distances of the earth from the sun from 
the place of Neptune would carry you to the end of the orbit of Hal-
ley's comet. The distance from this, again, to the nearest star is, we 
had almost said a void of immense extent compared, with that 
which we have ~lready had to do. It is scarcely worth while to re-
gard miles at all in speaking of the distance of a star; the number 
becomes so large that we cannot grasp it. We may, however, ob_tain 
a speaking illustration of the enormous distance of the nearc, t i the 
fixed stars by ascertaining what muet represent ~tin compai:ison with 
the s~all globe which I hold in my hand, '!Inch h~ a c~1amet r of 
three rnches. We must despair any more of 1llustrat10g d1 t~nces AO 
v~ t by any picture, however large. We are not about t ~eal m mag-
nificent oriental :fiction but with ascertained facts. Let th1 globe r p-
re ent the earth · then'one hundred and seventeen th u and five hun-
dr miles will ;epresent the di tance of the neare t fixed star. 
t i u ele s almost to state how long it would take to count 
' ) 
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this distance-one hundred and seventeen thousand years would 
thus be occupied; and, if you thought of travelling it at all you 
would :find that it could not be accomplished in seventy-four' mil-
lions of years. Having thus ascended where the nearest of the 
fixed stars are, let us, in the next place, ascertain what they are-
whether planets or suns, or what? We all know with how much 
facility we see a bright light, though it may be very small. A can-
dle or taper can be seen in foggy weather long before the building 
containing it; and even in the case of reflected light, the merest 
spicula of glass, how brightly it shines, and how readily it can be dis-
tinguished from the dark substances surrounding it. The light of a 
star must be very intense, for even when highly magnified by a 
telescope, so that its light is enfeebled, it yet shines brightly, though 
appearing nearly as a mere point; and if the light of it is reflected 
light why do we not see the body that illuminates the star? What 
is that body? It cannot be the sun, because, even at the very moderate 
<listance of the planets, it becomes very feeble; if, then, we could 
suppose the light coming from the stars to be reflected light) we 
would be at a loss to discover the luminous body that shines upon 
them. But it has been ascertained, by careful experiment, that the 
light of the very brightest fixed star , Sirius or the Dog star, which, 
if the night were clear, my audience might see as they passed out of 
the lecture room-we say it has been ascertained that the actual light 
emitted by this star, (with quite a probable allowance for distance,) 
is full sixty-three times that of our sun ; such is not al ways the 
case, as some stars do not give quite as much light as the sun. But 
it is true, notwithstanding, that if many of the stars are not suns they 
are more. It is unnecessary to contend about the name, for you must 
either call them suns or invent a name which shall mean a larger 
thing. When we make the statement that all the :fixed stars are suns, 
are we aware of the sublimity involved in that statement? I under-
took to show my audience, as well as I could, a short time ago, w~at 
constituted a single sun; but it is also true that the tiny ray whi~h 
gladdens our eye, as shooting from some twinkling star, it tr1:=mbles lil 
the casement; it is true that this is a miniature sunbeam, and th_e 
faint and feeble glow of starlight, which sometimes, like a semi-
transparent veil, covers the fair face of nature is woven of the 
scattered glory of thousands of suns. In the very fact that it is th~s 
but faint and feeble we have the most speaking illustration of thmr 
awful distance; when we arrive at such a distance as this, it becom~ 
quite evident that such a unit as the earth's distance from the sun 18 
altogether too small.. The distance of the earth from the sun_ must b1 
taken some 500,000 t1mes or more, in order to make a comparison, an 
we mu~t ther~fore re~ort to something that will giYe us an ad~quat~. 
measuring urnt. This may be found in the velocity of progresswn ° 
the light which comes from the stars themselves. According to ~w~ 
different and inde:pendent results this velocity is about 192,000 mi~e-
per second; the distance of the earth from the sun will thus be repi,e 
8?0 ted by 8¼ minutes. It takes a very trifle more than th.at fo: 
hght to pass from the sun to the earth The light comes from 
C t · h · · the en aun, t e nearest of the fixed stars , jn 3½ years; from 61 in 
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wan in 9i years; from Arcturus in 26 years; from the Polar star in 
48 years; and from Capella in 70¾ years; or Capella, the beautiful star 
in the Goat, is seen by the light which left it nearly three-quarters of 
a century ago, and has been travelling at the rate of one hundred 
and ninety-two thousand miles per second during the whole of that 
interval. 
Let us next notice the combinations of the stars. It is a very 
curious circumstance, to say the least, that wherever we direct the 
telescope to the heavens we shall find the stars combined in pairs; 
and so frequently does this combination occur that we cannot regard 
it as the result of accidental position. It is true that when two stars 
are almost one behind the other they might not appear to be very far 
apart, though really at very different distances from us; but by careful 
measurement, in some cases, it has been ascertained that they are 
really, as well as apparently, near. In fact they are connected to-
gether, and revolve around each other, as is the case with the earth 
and sun. We have here represented two or three such double stars. 
Tnere is one in Gemini; also one in Scorpio, one of the two stars 
being blue and the other yellow. rrhe bluP, star does not show well, 
unless in a very good light ; but the representa.tion is therefore the 
more true to nature, the sky being itself so blue that it is more diffi-
cult to see such a star. Red and yellow stars are also of frequent 
occurrence; and in the case of the beautiful star in Andromeda, the 
two individual stars are, the one rose color, and the other green; the 
colors of the double stars are complementary, or such as, when com-
bined together, form a white light, the star appearing white and 
single to the bare eye. We can perceive something extremely elegant 
in the arrangement if planets should circulate around these red or 
green suns; then a red or a green light would be seen as long as it 
alone were visible ; but a white light, when both suns were above the 
horizon, poetic fancy never sketched anything more sublimely elegant 
than this combination of tinted suns, these parti-colored gems which 
sparkle in the diadem which surrounds the dark brow of night. 
We come now to a more extensive combination of stars. We cannot 
look at the sky with any sort of attention even once without perceiving 
an am1;1.zing collection of the stars in the direction of one single great 
band or gudle. This constitutes what is called the milky way. 
Throughout one half of its circuit it is divided into at least two parts. 
Most of the stars in heaven are situated in one part, and in the other 
portions of the sky the stars are comparativelY: sparse. 1:1he a_tternpt 
WaR made by Sir William Herschel to ascertam the relative drntnnce 
of the fixed stars before the actual distance of any of them was deter-
mined. Some idea may be formed of this by ascertaining how ~any 
more can be seen in one direction rather than another, as we rmgh t 
judge of the extent of a crowded audience in one direction ru.ther than 
in another , by ascertaining how many could be seen in the one U;nd in 
the other direction. A better method of Rounding the heavens, a. 1 t was 
called, consisted in usin{J' successively telescopes of greater aud rr u.tcr 
p~cc-penetrating powe;: The apace-penetrating P,O\~cr m Y. be a ccr-
tained by comparing the brightness of the beam of.light c!n1tt~cl by. a. 
tcle ~ >pc with that seen by the bare eye.. Th~ sc1~uce ?f optics .will 
readily en ble us to ascertain that. Then, 1f we ocar m mmd that light 
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at twir,e tbe distance is four times as feeble, &c., it will be seen that a 
telescope which would increase the intensityoflight to four times that of 
the light seen by th~ bare eye might enable us to see twice as far, &c. 
By making use of a telescope of a greater and greater space-pene-
trating power Sir William Herschel, in investigating portions of the 
milky way, continued to see new stars up to the twenty-eighth 
order of distance. The borders of the milky way are supposed to 
be at the nine . hundredth order of distance. If this be so the 
time of the arrival of light from the borders of the milky way must 
not be measured by a single year, but by centuries; in fact, so far as 
we may rely on the conclusions of Dr. Madler, the distance of the 
centre of this our group from us, as thus estimated, is 537 years. He 
concludes, moreover, that the stars in the milky way and our sun 
with them revolve at the rate of once in about eighteen million years, 
Whether we regard this as accurately ascertained or not, very certai!l 
it is that the sun and 211 planets are moving in the regions of space, 
The researches of Herschel, Argelander, Struve, and others, have 
all contributed to point out very accurately a single spot in the heav-
ens, towa1ds which we are incessantly travelling by a motion very 
slow when we consider the magnitude of the orbit, the distance trav-
elled being about four-fifths of the diameter of the earth's orbit every 
year. When we scrutinize the outskirts of the milky way and at-
tempt to see beyond it, we find what seems to be an entirely detached 
combination of stars. If what we Aee in them be stars only about tbe 
size of those in the milky way we might readily conclude that they 
were at no greater distance ; but it may be that what are apparently 
single stars are themselves combinations. These groups are called 
clusters. This is the representation of a coarse cluster. We :find others 
much more closely arranged, as in the fiP-ure, where they }He repre-
sented by a white, powdery substance. The stars near the centre are 
not to be counted by hundreds. When clusters become so remote ~bat 
you cannot make out the individual stars you may still discern crns-
ters of a granular shape and appearance in their structure ; or that 
they are made up of a "star dust " an expression sublime from 
its very simplicity. In this quasi c;ystalline mass the molecu_les are 
double stars, the ultimate particles are suns, and the atoms, if any, 
are planets. · If the cluster be a globular one it may also be true tlrnt 
all the _stars, th~ outer ?nes only excepted, are revolving around th: 
centre_rn the self-same time. Beyond these still are the nebulre, SOJ? 
of wh1eh the most powerful telescopes have failed to resolve; that 1 ' 
have failed to show that they are made up of stars. In other ca e! 
ther _are found to be made up of stars, and resolvable. We c~n?0 
pos1t1vely assert th~t t~iere is no cloudy-looking substance existin; 
m the heavens _which 1s not made up in this way; some appeale 
ances, surroundmg stars, cannot as yet be resolved. Other w~o 
nebulre cannot yet be resolved by telescopes of large space-penetrating 
power· Some idea of the distance of a nebula. not resolvable may be 
obtained by ascertaining the space-penetrating power which will cau e 
that 1:ebula to present the appearance put on by another before power 
Suffic1ent was applied to resolve it· and thus comparinO' the power 
1 a· ' ' b hta emp oy~ m the two cases, we arrive at a distance so great as t a t 
comparison by means of the velocity of light itself becomes almo 
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inadequate. Even light, (which could we thus curb its motion would 
girdle the earth in a twinkling,) w_hich re?ou?ds to us _from the _moon 
in a second and a quarter, and which, sprrngrng from its home m the 
sun, visits the most distant of the known planets and returns in 
less than a day, 1:wen this swiftly flying meRsenger, borne upon the 
very wings of the morning, can only reach us from those remote 
bounds after the lapse of centuries. Admitting all this to be true, 
then, although an accurate result is here no longer possible, t.here is 
a reasonable probability that the sublime idea presented by Huygens 
is itself a fact; that some of these bodies are so remote that the light 
by which we see them must have left them before the creation of man. 
There is something almost awful in the thought of our having arrived 
at a reasonable probability that we see these objects as they were be-
fore the race of man had being ; to behold, as it were, the record of 
eternity past, unrolled to be read in time. We are compelled to view 
them from such a distance looking towards them; bnt in imagination 
we may place ourselves at the other extremity of the line thus defined, 
then the light from the earth and solar system would have been as 
long in reaching that position as the light from the other way has been 
in reaching us ; and if we had the optical power and could look down 
upon the earth) then the mastodon, which is now a mere fossil in our 
cabinets, would be seen as tbe living, moving) breathing mastodon. 
The fact, in more general terms, is this: There are portions of the uni-
verse through which the visible record of very much that is great 
antl awful that has been transacted here is still travelling through the 
regions of space) and might be discerned by a being provided with 
ufficient optical power. I think it necessary to notice but one thing 
more. The fixed stars are not merely like the sun in tbe intensity of 
their light, but, it would also seem, in revolving around their axes. 
We a certain that the sun revolves around its axis by noticing the 
pots on its surface. When there are many spots towards us the light 
of 1.he sun must be enfeebled, tiometimes even sensibly so. There are 
variable stars that periodically become dim and then again resume 
their former brightness . The natural solution of this fact is that the e 
stars are like the sun, not merely in their light, but also in the way in 
which that light is produced. Perhaps upon _th e_ir surface there _are 
pot, which, when turned towards us, cause their light to become dim, 
antl when away from us there is an increase of brightness. There are 
. tars also which may be called temporary stars; for after appearing 
ID the heavens a brief period they become seemingly very small or they 
di appear altogether, a fact which can hardly well be acc_ounted for r 
~:xcept by the supposition that there has been a real phy_ 1cal change 
In the body itself. In undergoing these changes, changes rn color have 
al o been manifest so great that we may suppose that there has been 
a combustion or p~rtial destruction of the body in question . 1'he tar 
ecn by Anehelm in 1670 was of the third magnitude, pa e thr ugh 
reat fluctuations of light for two years, and then became either x-
ce ively small or quite invisible. There are, moreover, lost tars, 
wh e places are now vacant, though some cf hem have been recently 
ob erved. When we look at the e strang fluctuations '\'t"e may up-
pose that something like. combustion has tak n place, or that, for the 
12 s 
I ' 
178 LECTURES. 
time being, its power of giving light has been suspended. In reviewing 
these facts it appears difficult not to conclude that here was a world 
whose destiny :was, for the ~irne bei~g, completed, and the fitful glare 
of whose gorgeous funeral pile shootrng across almost the vast distance 
which separates us came with undiminished velocity to tell us the tale 
that once it was. However this may be, we certainly know that He 
who, "by His strength, setteth fast the mountains, being girded 
with power," hath also "of old laid the foundation of the earth and 
the heavens are the work of his hands. They shall perish but He'shall 
endure; yea, all of them shall wax old, like a garment, and as aves-
ture sha11 He change them, and they shall be changed; but He is the 
same and hio years shall have no end;" for "He inhabiteth eternity 
and the praises thereof.'' 
METEOROLOGY. 
COMMUNICATION FROM A. FENDLER. 
CoLONIA ToVAR, VENEZUELA, SouTH AMERICA, 
August 5, 1856. 
DEAR Srn: I sailed from Philadelphia on the 5th of May, and 
arrived at Laguayra three weeks after. Colonia Tovar I reached on 
the 7th of June, and commenced my meteorological observations on 
the 10th. The barometer and the dry and wet bulb thermometers, 
which by your kindness I received from Mr. Green, I have brought 
home safe and in good order. 
Accompanying this I send you two registers of hieteorological ob-
servations of the month of June and July, 1856 ; and here I have to 
make the following remarks: 
1. As I am very much interested in the results of the observations, 
I need not say that I pay the most particular care and attention to 
the condition of the instruments, as well as to the nicety in taking 
ob ervations and in noting them down. 
2. The column under the head of "Barometer height reduced to 
freezing point/' I could not fill up for want of the necessary tables. 
3. By comparing my old thermometer, which is one of the more 
common kinds) marked "T. Barry, London," with the Smithsonian 
dry bulb thermometer, I found that the former is Crom one and a half 
to five degrees too high; so that I was obliged to use the dry bulb of 
the psychrometer also as thermometer in the open air. The wet bulb 
was therefore exposed to the open air alF10. According to the fir t 
principles of evaporation it is, however, evident tl1at the more rapid 
the motion of air is which touches the wet bulb the more energetic 
wm be the evaporation of the water contained in the wet linen, and 
the lower will the mercury sink. This I found to be confirmed by 
every breeze, and even the lightest breath of wind that happened to 
trike the wet bulb at the time I took observation . I therefore recrard 
all observations with the p~ychrometer, that are not taken in a calm 
atmosphere, or in an atmosphere the velocity of which at the time of 
ob ervation is known, as of little value. 
As I had no other standard thermometer besides the dry and wet 
bulb, I can give the psychrometrical observation only, with the re-
mark that, they are worth ju t a much as all other uch ob ervations 
made in the open air without regard to the Clll'rent of the atm -
. phere. In future I shall try to helter the wet bulb against the 
mfl.uence of wind at the time of ob ervation . 
. 4. As I have no rain gage I can only put down the time f be-
grnning and ending of rain . 
. With regard to clouds I may say, that the higher clo ,id are 
mo tly hidden from view by the ma cs of lower clou , hat the 
cour e of the former can very seldom be ascertained in thP. rainy 
ea on, and, wheu seen, there are several trata, ne above the ther. 
Instead of the higher clouds, I have carefully notice and put down 
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the course of the lower clouds, under the head of "winds." The 
motion of these lower clouds may justly be said to indicate the real 
course of the wind; for in such a mountainous country as this the 
~tmosphere :1t the bottom of the kettle-shaped valley of t~e colony, 
JS set m mot10n by a great number of local causes, and this motion 
is changed and modified by the many rav~nes and watercourses, and 
by every slope of the irregularly shaped mountains. rrhe colony is 
surrounded by mountain ridges, crowned by several peaks. These 
barriers open only in one direction, towards the east, where they for-m 
an outlet for the river Tuy, which has its sources in the neigh boring 
fields and adjacent forests. In such a region as this it is next to im-
possible to note, even in one narrow district, all the different little 
breaths and jerks of wind, which frequently change every moment. 
As to the motion ot the lower clouds, they frequently showed a 
velocity which I estimated at about 7 miles per hour ; and as there is 
no number corresponding to t.his velocity in the tables, I introduced 
·the number "2½," which means 7 miles per hour. 
Fog is a considerable item in this region in the rainy season, and I 
have accordingly noted it down under the head of" kinds of clouds." 
Thunder and lightning are very rare here, and when they occur 
they make so little show that, with regard to force, they may be com-
pared to those of the United States as the zephyr to a strong gale. 
In the register I have noted them down in the margin. 
Tornadoes I have never seen in the colony., not even a gale of wind, 
within the two and a half years that I have been living here. Hail 
storms are unknown in this part of the country. 
Of the 48 observations recorded in July, at 7 a. m. and 2 p. m.,on 
the course of the lower clouds, 10 are E -., 15 E.SE., and 15 BE., which 
shows the prevailing winds to be between E. and SE. Their mean 
velocity is a fraction over four miles per hour. 
Of rain, fog, mist, and clouds, we had more than a sufficiency, the 
mean cloudiness being 6.4. 
The weather has been so unfavorable since my retur? fro~ the 
States that I have not yet measured any of the neighbormg heights 
and passes by barometer. 
The thermometer in the open air shows a mean temperature of 58. 3, 
for the month of July, a rather low temperature for the height ot 
6,500 feet in latitude 10° 26'. The minimum of the month was 54°, 
the ruaxi?J.um 69°. 1 . I also mclose the half-hourly and hourly barometrical observations 
for seven days, made in order to ascertain the hour of maximum and 
minimum of the daily periodical variations. And here I found that 
these variations within the tropics, at least at the colony, are not so 
regular as we sometimes find stated in books. As for instance, the 
fol.lowing: ". Such is the regularity with which these motions are 
e~ected w1thm_ the equatorial zones that they might there serve to 
give the true time of the day."-(Nicollet Essay on Meteor. Observ., 
p~g~ 7.) lfor we find maximums at 9! a. m., 10, 11, 12 m., and 
mi~imums at 4 p. m., 4½,. 5r 5½, 6., 6!, 7_, and all this within the shor! 
11enod ?f seven days. ThJs uregularity JS the more remarkable, as th f 
colony 18 a place where none of the extremes of heat and cold, or 0 
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gales, hurricanes, and thunder storms are felt, that could disturb the 
equilibrium of the atmosphere. 
Besides the two registers and the hourly observations, I have copied 
for you and inclosed the therrnometrical observations for 12 months in 
1854 and 1855. These have been taken with my old thermometer, 
which proves to be from 1½ to 5 degrees too high, as compared with 
the Smithsonian thermometer . Although this would make the mean 
temperature of the year about 3 degrees too high, we are still enabled 
to make some comparisons between the different months, which show 
that from August the mean monthly temperature is gradually sinking 
till January, which is the coldest month. After January it rises 
again till May, and then sinks till July. This seems to indicate that 
the rising and falling of the mean ter..:iperature keeps equal pace with 
the declination of the sun . If we now compare the means of the dif-
ferent hours of the day of each month, we find that the highe t tem-
perature of the day is not at 2 or B p . m . , as in the United States, but 
at 12 o'clock at noon, and that the temperature at 3 p. m. is but a 
fraction greater than that at 9 a. m. Infive months of the year it is 
nearly or quite the same with that at 9 a . m., viz: from November 
till March, inclusive; during the other part of the year, from May 
till September, inclusive, the mean temperature is higher at 3 p. m. 
than at 9 a. m., with the exception of October and A.pril, where tlie 
temperature at 3 is even lower than that at 9 ; and these are the two 
months which follow immediately after the equinoxes. Anoth r curi-
ou fact is the sudden rise of mean temperature from July to Augu,'t. 
In Santa Fe de Bogota, in 4° 35' north latitude, July is said to be 
even the coldest month of the year . 
Some other facts could, no doubt, be drawn from this register by com--
parison, if its obs,ervations were founded upon a standard thermometuc . 
On the last page of this register of Colonia Tovar you will find 
ome observations, taken with the same thermometer , of "Barry," 
during my stay at Chagres, on the Isthmus of Panama. 
During my absence from the colony last winter some pcrso1rn here, 
who can be relied upon, have seen white frost one mornino-. 'rhis i,· 
of extremely rare occurrence, bnt anyhow very remarkable for the 
latitude of 10° 26', even at the height of 6,500 feet. 
'£he characteristics of this recrion are it clouded sky, its eq nab le tem-
perature, and its great amo~nt of moisture. It is the (c happy 
region of the ferns," where the e interestin<Y plants find their mo. t 
uitable climate and grow in the greatest profusion. Here it is where 
th stately tree-fem sometime,':! is seen to reach a height of 40 feet. 
The produce most profitable to rai e in the colony are p tatoes, rye>, 
and oats. 'rhe apple tree grows side by ide with the b1-inana. '11110 
. trawberry is found in the greate t abundance, pontaneou l_y grow-
rn,, abont the fields . Indian corn does not c me to m ttunty her , 
while I have seen it raisecl and matured in anta Fe, ew M ~xic , 
which i, at least 700 feet hio-her than the col oy, and be, icle thi i 
near 36° north latitude. B~t in New Mexico th y have a cloucllc.'H ky 
nc rly the whole vear round and an extremely dry atmo, phere, whil' 
tho colonists of Tovar are not much mole tcd from the beginning of 
lay to the beginning of January by the ray of the sun. 
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The valley in which Colonia Tovar is situated was, so ]ate as De-
cember, 1S41, a perfect wilderness, covered with primitive forest 
Not even the existence of this valley was known fifteen years ago· 
neither to the government nor to its ~wner. although it. is only thirt/ 
five miles west of Caracas, the capital of Venezuela, and in a strai oht 
line cannot be more than twelve miles from the sea. And when °an 
attempt was made to explore this region not even a guide could be 
found for the small exploring party of fifteen men, headed by Colonel 
Codazzi, a skillf'ul officer and compiler of the new map of Venezu1:-la, 
When this party at last succeeded in crossing this region and reachino 
the sea-shore, they thought they had achiE:ved a m ost extraordinary 
thing, (to cross a distance of twelve miles in ~ix days ;) and after th ey 
bad returned to their homes none of them had a desire to do the feat 
over again. This was a party of natives. And when, at a later 
period, after the establishment of the colony, another skillful en gi-
neer found, with a party of colonists, his way to the opposite port. of 
the sea-shore, the party did not venture to go back the same route, but 
rather chose the way by sea to Laguayra, from th ere to Caracas and 
back to the colony, a very circuitous route certainly. Such is the 
nature of this mountain region, with its precipices , waterfalls, deep 
ravines, and its dense, almost impenetrable primeval forests. 
In collecting botanical specimens, I have penetrated, without a com-
panion, the wilderness around in different directions, also that on the 
other side of the principal mountain range towards the sea, and ?an 
testify to the difficulties and hardships which are met with in explor! ng 
such a country. On excursions of this kind the m ost needful th10g 
besides a compass is a short sabre, called "machetta, " which. I h~ve 
to use continually in cutting through the lianos , the erect and clim?10g 
canes, the under shrub, which is all matted and intermingled m a 
thousand different ways into a dense mass of vegetation. 
In these woods, where the rays of the sun never touch the ground, 
there it is where moisture and a cool temperature reign forever. The 
trunk of every tree and its branches are covered with Ferns, Lyco-
podiacece , 1.:::osses, Hepaticce, Lichens, Orchids, Bromeliads, Aracere 
and ?esides Piperacce with many exogenous plants too numerous to 
mention. 
The soil in these forests is one entire mass of sleuder rootlets mot 
completely intermingled and interwoven more than a foot in thickne ' 
the interstices filled with a brown but 'imperfectly decomposed vege-
table mould, which is kept in its place by the network of the rootlet · 
This stratum is covered with mosses and remnants of leaves, so th aJ 
on tbe mountain ridges not only the ground, but also the tr?~ks an 
branches ot' tJ:ie trees, act like a thick layer of sponges in r etamrng t,~e 
:rnter that either pours down in form of rain or settles mor_e slo\\ ~ 
1
~ the form of mist and clouds. rrhis water is allowed to tnckle an 
sink down but very gradually and is therefore a never-failing source 
f . ' , ' d wn 
rom which are constantly fed the many little rivulets that hurry 0 
the stte~ declivities in!.o th~ir common receptacle) t?e narrow ch\~1 
of the nver Tuy, wl11ch, rn one continued row of cascades , ru 
!buntlering down SE. and S. until after a run of twenty miles, turn· 
m g suddenly to the east) it finds a more level country. 
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In the depth o±:such a mass of vegetation, when man is by him elf, 
a feeling of lone] mess takes the ascendency over every other emotion; 
no animal is seen, and but seldom the voice of a bird heard. While 
on the sea-side of the mountains I was only made twice aware of the 
vicinity of a bird in two days. In the neighborhood of farms and 
habitations of men a greater variety of birds are seen and heard, and 
ometimes the grunting or howling of monkeys and the deafening 
cry of parrots. 
The dry season commences here generally soon after New Year's 
day and lasts till the end of April. The remainder of the year is 
taken np by the rainy season. This is generally so, for there are many 
exceptions, and our notions about the great regularity and sharply 
defined seasons of the tropics, which we have received from books, are 
sometimes materially upset and corrected by experience. When I first 
came to the colony, in March, 1854, we had a dry season in its usual 
way. The rainy season then commenced on the 23d of April, but it 
did not end with the latter part of .December, as is usually the case; 
it lated till the end of Jannary, and commenced again with the first 
of March, and then kept uniformly on till the end of December, 1855. 
The dry season was, therefore, only of one month's duration instead of 
four. The hst dry season has been, on the contrary, unusually long, 
and lasted till the latter part of May. 
I have often thought that the climate of North America may shnd 
io some kind of relation to the climate of this country. It was on 
the 24th of December, 1853, when I left New York, to sail for La-
guayra. We were hardly out of sight of land when a furious NW. 
gale, a real hurricane, ( which is still in fresh remembrance with some 
of the captains I have lately seen,) during a period of three days tbreat-
ned our destruction. A1ter my arrival in Venezuela I wa told that 
nbout Chri tmas, 1853, one of the most fearful gales from the north was 
Jelt at Laguayra. * Another question is, whether the late remarkably 
dry and cold winter of the United States and the unu ually long drv 
Beason of Venezuela, as also the remarkable appearance of white frost 
in the colony, are not connected in some war or .other . . . 
As to the trade winds, I found on my tnp from Ph~ladelph_1a ~o 
Laguayra that within the tropics we had no KNE. wind, whJCh 1 
~hought to be the regular trade winds of those region~. After cross-
mg latitude 23½ 0 , in longitud e 68~ 0 , we were becalmed for one <lay, and. 
oon after got a fresh breeze from the south, wh~ch we }~pt al~ the 
way to longitude 63 :::i . By tacking we got to lat1tu.de 22 , long1tt~cle 
6:31°. ] rom thence we liad the wind all the time fr m . E , which 
we_ k~pt to latitude 11½0 the d~y before we r ach d. Lag_uayrn. apt. 
W1lk10s, who has been in th1 southern trade for eighteen Y ar,, 
a ured me that within the last eight year he never .conlcl ? / ad 
much npon the trade winds. He finds that betwe n lat1~1Hl .2. _and 
1 .) the outh wind frequently keeps on blowing very bn k for 1ght 
<lay in succession. 
n the way frorr: the colony to arac . , al ng the high riclge f 
the principal mountain chain, which tr tche E . and W., parallel 
o See page 1 . 
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with the coast, at an elevation of from 7,000 to 8,000 feet, we travel 
about six miles over a region bare of forest, where we nearly at all 
times find a very strong breeze from the south, rushing up the declivity 
and over the ridge, hurries off to the north towards the ocean. The 
ocean can be plainly seen from this elevation. That this great current 
of air does not sink down along the northern slope I but, on the con-
trary, is ·somewhat projected upwards by 1 lie shape of the mountain, 
can be seen by the course of the condensed vapors which, in the form 
of fog and mist, are driven along. May not this current of air Rink 
gradually lower and lower until it reaches about latitude 18°, where 
1t strikes the sea? I have found this south wind at sea al ways much 
colder than any of the other winds in these latitudes. 
I wish I was in possession of some good work on the winds and the 
currents of the ocean. 
Vegetation at the colony is uninterrupted throughout the whole 
year, except in a small class of plaLts which cannot thrive without a 
great deal of moisture. Even in the dry season, when the lower re-
gions are parched up with heat, if there is any moisture at all in 
the atmosphere capable of being condensed, the mountainous districts, 
especially those covered with forests, are sure to get some of it. Trees 
here are evergreens; they keep their branches and twigs clothed with 
leaves until drath. Day after day, and month after month, the snr-
rounding forest presents the same unchanged view in its deep green 
garment. Single leaves fall here and there one by one; and new 
leaves appear as slowly and gradually as the old ones die away-un-
noticed and unobservt!d. The pleasing and hope-inspiring spectacle 
of ret_urning spring, in the sudden appearance of the new and tender 
foliage, as seen in the temperate regions, is here unknown. 
OoLONIA TOVAR, January 8, 1857. 
J?EAR Srn: Under date of August 5 I sent you a letter and s?me 
r~g1sters of meteorological observations up to the 31st of July, which, 
I hope, you will have received long before this 
I_nclosed in a separate envelope I send you ~ow four meteorological 
registers for the months of August, September, October and N ovem-
ber. I would have sent one for December also but I have no more 
blanks. ' 
Besides these registers; I have inclosed dia~rams* on four separate 
sheets, one table of half-hourly barometrical observations, and one 
about the course of the clouds. 
The barometrical observations in the registers have their full value 
only up to October 30, at 2 p. m ; for when I looked at the he!ght 
of the mercury one hour afterwards I found it more than one rnch 
below ~ts usual level. 'l1his was so extraordinary that I exp_ected 
somethrng wrong with the instrument. As soon as I touched it the 
whole column_ of mercury sank rapidly down. In unscrewin_g th0 
braR_s cup which contains the little leather bag I found the former 
halt filled with mercury. On the surface of the bag, a little below 
0 The diagrams and curves could not be given in this report. 
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where it is tied and where it was in contact with the surrounding 
bra s tube, I found a spot of one-eighth of an inch diameter, as if cor-
roded by some kind of acid In the centre of this spot was a hole one-
sixteenth inch diameter . The corroded rim around the hole was very 
smooth and viscid, similar to partly dissolved india rubber. After 
sewing up the whole and giving it a cGat of glue, to prevent the mer-
cury from leaking out, 1 filled the glass tube a~ain as cautiously as pos-
sible, to prevent the formation of air bubbles. In this I succeeded pretty 
well, and, with the exception of one minute portion of air, which 
e caped into the vacuum, the latter seemecl to be complete. The 
mercury then showed but a small difference (Th>" to yg-0 parts .of an 
inch lower) compared with its former state. Hoping to succeed still 
better the second time, I tried my hand once more at it, hut dicl not 
succeed so well this time, as some moisture had settled in the glass 
tube. The mercury is now at least one-tenth of an inch lower than it 
ought to be. 
The barometrical observations made with this instrument since the 
] t November, 1856, can, of course, not be considered as normal, and 
can be used only with a view to institute comparisons ·among them-
selves . 
I feel this defect the more acutely as I hoped to measure a number 
of mountains and other localities, and to complete a twelve months' 
register, to fi. : _d out the mean height ·of the barometrical column for 
the different mo~ths of the year. Up to the 1st November I found 
the mean height greateAt in July. Hitherto I have measured only 
the pass over the mountains on the road from the colony to Victoria. 
n this spot the barometer was 23.334 at 7h. 30m. a. m., September 9, 
with the thermometer at 6 l O • 
In the diagrams on sheet No. 1, I have laid down, in a graphical 
manner, the hourly and half-hourly rise and fall of the barometer from 
6 a. m. till 9 p. m. for 12 days. We can see here, at once, the greater 
amplitude of the daily periodical variations in October comparocl with 
that of June; also that the hours of maximum of the different days 
in October are not far apart from each other and ne~r to 10~ a. m .. ,
and 1,be hours of minimum not, far from 4 p. m.; wlnle, on the con-
trary, in June, the hours of maximum, as well as those of minimum, 
are much more scattered, and therefore not so regular. 
n sheet No. 2 are the halt'...r..ourly observations laid down fi r 24 
h.ours, from 1 a .. m., October 7, till 4 a. m. next day. 1:1 _re wo 
?O erve that, in the morning, the maximum, a well a~ t.he mrn~mum, 
1s somewhat hio-her than the maximum and the m101mum in the 
evening. This ~eems to be a general rule with all the daily periocli-
cul variations. 
n beet No. 3 the daily mean barometer heicrht from Juue 1 to 
ctober 30 are put down and connected by strai<rbt line t denote the 
cour ·e of the barometer from <lay to <lay throucrh ut the veral 
months. A kind of periodical ri ing and sinking i b erva?le h 
alternately taking place in periods of 4 or 5 <lays, at lea t for 
July, August and 8eptember. 
On heet No. 4 is to be found a compari on f t~o en.n i_no thly 
barometer heio-hts of Colonia Tovar with tho o of t. LoUL , Mo., 
0 
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made by Dr. G. E_ng_lem~nn in 1851, whi~h shows the remarkablv 
small monthly vanat10n lil the colony agamst the extreme range of 
atmospheric pressure at St. Louis . 
In all these illustrations the barometer height has not been reduced 
to the freezing point for want of the necessary tables ; but, as the 
difference of temperature connected with these observations does not 
range much over 8 degrees F., the results may be considered not far 
from their true value · 
Table No. 5 shows that the most prevailing currents of air at an 
elevation of about 7,U00 or 8,000 feet above the levei of the sea, in the 
months of June, July, August, September and October, are here from 
E., E .SE., SE., S.SE., and S., but especially from SE. 
Table No. 6 contains half-hourly barometrical observations for 17 
days, taken down at three different periods of the year. From this 
and from sheet No 1 we see that the amplitude of the daily periodical 
variations is not a constant quantity in one and the same place, but 
changes with the different periods of the year; as also does the hour of 
maximums and minimums. To find out, by continued observation, 
the mean amount of amplitude and the precise time of the maximums 
and minimums for each month of the year seemed to me desiderata of 
much interest to meteorology. 
With a view to investigate this matter I have made observations 
accordingly. The first set I made 1rom 18th to 24th June; the 
second) from 1st to 7th October; the third, from 10th to 12th Novem-
ber, and the fourth, from 22d to 28th December. These observation 
give the mean amplitude for the latter part of June 0.058; for the 
first part of October, 0.079; for November, 0.060, and for the end of 
December, 0.043. 
By a peculiar view of the cause of periodical variations: and by the 
aid of an artificial globe, I had calculated as early as last September 
that the amplitude at Colonia Tovar ought to be greatest about the 
16th May and 26th September, and least on the 21st January. The 
above-mentioned numbers of amplitude for October, November, an<l 
December coincide with my calculations so fi~r, and it remains to be 
seen ~ow they will do for the remaining portion of the year . 
W 1th regard to temperature I will only say that the mean of ~be 
three months of June, July, and August, (that is, of the meteorolngical 
summer,) is 58 _9; the mean of September, October, and ~ovember 
(the meteorologwal autum~) is 58.9, or exactly the same . 1he meai 
temperature ot December 1s 56.6. During 204 days (from June i 
t? December 31) the sky was only once free of cl0uds at 2 P m., 3 times free at 7 a. m., and 41 times at 9 p. m. Of these 204 days 14 
were rainy days . 
. On the 5t-h of January I made a botanical excunion to one of thf 
highest mountains of this region, about twelve miles to the ea t \ 
the colony. The mountain, according to my estimation, may be_abou 
7,800 feet above the level of the sea and is a kind of central pomt r 
knot, from which several rivers flo~ing in different directions, ta1·e th · · · ' 'th t 1e cu· ongm. This mountain is covered by a dense forest, WI 
exception of a level spot of about half a mile in length and a quarter 
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of a mile in width, whi_ch forms a kind of shallow basin, only spar-
ingly covered by a thm coat of short grass and other small plant,. 
These plants I found the next morning at six o'clock white anJ 
tiffened with heavy hoar frost, which augmented and lasted till the 
rays of the sun fell upon it. The stiffened leaves of the herbs broke 
under the least pressure, like thin layers of ice. The th~rrnometer 
was 37° at 6h. 30m. From all the information I could gather, hoar 
frost seems to be common in this spot throughout the months of J anu-
ary and February. The wind blew during the night from northeast, 
and. was very piercing. 
Notwithstanding this low temperature, the forests of the neighbor-
ing heights surrounding this bai-in are clothed in perpetual green, 
and the stately wax palm, with its straight and polished trunk of 
70 or 80 feet, (by actual measurement,) rears, uninjured, its slender 
form and its leaf adorned head high above all other trees. 
In this excursion I had also an opportunity to form some idea of the 
vaRt extent of destruction which was carried into the mountain forest 
last February by a lucifer match and a thoughtless boy. Over whole 
tracts of thi s primeval forest the trees lie deacl one over the other, as 
if uprooted by a whirlwind, scarcely showing any marks of fire on 
their trunks. I was struck more than ever with the ea. y manner in 
which fire can destroy these dense and humid forests, which, by their 
shade, preserve a cool and moist atmosphere, and therehy cau e the 
vapors oi the adjacent strata of air to condense into clouds, that rest 
upon them, with little intermission, during nine months in the year. 
In these high regiomi the temperature is so low and equable that the 
veaetable matter which is gathered on the ground between the trees 
is decompoi-:ed very incompletely and very slowly. It forms a stratum 
of loose half-decompoeed matter, in some pl~ces two to three feet thick, 
which, in thfl rainy season, like an immense layer of sponrre filled 
with water, feeds and supplies the rivulets and rivers gradually. In 
the midst of the dry season this layer becomes sometimes dry en ugh 
to burn, when kinrlled, with but little flame, and more like tinder, 
spr ading in all directions. 
In this way the fire extends until met by a river or a road, or s me 
other obstacle. The sub-soil which underlies the spon~y tratum n 
the e mountains is also very shallow and resting on hard rocks. 'l1he 
roots of the trees therefore, do not go down very deep , but . xt n<l 
more in a horizontal direction. When · the pongy lay r, with the 
Rmaller rootR are burnt the trees lose their hold eotirely nd fall, ne 
over the othe~ in all di;ections. They die less from being burnt than 
from being uprooted. Many different kinds of tall reedi; ·oon t~ke 
the pl are of the trees. In a few years these reeds exclude everyth~n"' 
el e. '1.1he fertile mould that may perhaps have e cap~d l 8 rnc~i n 
by fire js by and by carried down the declivitjes 1,y th frequent rams. 
'l'he region, no longer shr-tded by high trees, ~ec m s ~ry. . 1b, -
quent conflao-rations of adjacent savannahs, which are 10t ntt na.1ly 
et n fire to oprocure a new growth of youncr gra, ' tak .ho] f the 
r edH of the ruined forest, until, by the repeated at ack f th e fire , 
he roots of the reeds can stand it no lon<Yer , and the ,· mall r gra · e ) 
inter persed with a few other plants, take their place · 
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. On ~he ro_ad from t~e co!ony to Caracas we ~a.ss through a region 
m whwh this proces8 1s gomg on; the reeds g1vrn g gradually way to 
the smaller grasses. Here the great number of half burnt yet stand-
ing trunks of the wax palm tell plainly enough that there existed not 
long ago a dense and humid forest, in which they luxuriated. in all 
their beauty, for these palms are never found, in their natural state 
growing in any other but humid forests. Here they stand isolated 
in the midst of reeds. Most of them have died already, but many 
linger yet in a dying condition, until their last green leaf has turned 
brown, and then they stand like tall and slender pillars, the mournful 
remnants of a once stately forest. 
This is the same extensive region of which I spoke in my first letter, 
where a strong southern breeze, sometimes amounting to a gale, 
sweeps constantly over the mountain ridge towards the sea. I have 
traversed this region since at four different times, in the months of 
August and September, and found every time the same southern wind 
blowing there, only somewhat more violent. 
Before closing this letter I wish to add to th8 statement made in 
my first letter* about the gale of December 24, 1853, that my inform -
ant here, in saying that the ga.le was felt at Laguayra, forgot to men-
tion that it was felt only in the unprecedented agitation of the ocean, 
but not in the atmosphere. This agitation of the sea is observed every 
time a violent gale from the north has been blowing in the higher 
latitudes, not the least breeze from the north being felt at the same 
time at Laguayra, although it is an open roadstead, not in the lea, t 
sheltered against the north winds. This agitation of the sea, when 
the air was perfect.ly calm, I have seen myself several times at La-
guayra; but at the time above mentioned the sea was so unusually 
high that long, enormous, foam-crested waves rolled up to the very 
parapet of the custom-house, a phenomenon scarcely ever seen before. 
During my stay in Victoria, a town twenty miles south of the 
colony, situate in a valley about 1,700 feet above the level of the sea, 
I made the following observations as to the temperature of that place: 
-
December ................ 21 22 23 24 25 26 27 2s I 29 
- - -
6 a. m ..•••...•••....... . 70½ 69 69 69 68 68 6B 69 I 66 i ~: :::::::::::::::::::: 86 b6 75 75 t'.3(½ 83 84 84 84 74 72 72½ 72 71 72 72 74 1· ..... 
The dr_y season has already set in, and my time is so much t aken u£ 
by botan~cal labors, on which my sustenance depends, th~t I a~ u 
8 able to give at present a more full and extended account of the clunat 
and other atmospherical phenomena of this region. 
0 See page 183. 
No. 1.-Rrgi~er nf .Me!corolcgicul sen'Otfutu. 
B:irometer. * 
Date. Thermomtter in open air. 
Height. Tbenuometer attached. 
1856. 7 A, M, 2 P, M, 9 P. M, 7 A.. l\l. 2 P. ]\{, I 9 P, M, 7 A, M, 2P. M, 9 !'. M, 
Dec'r l 2::J.i94 2::1 804 2:J.l:'00 [160 62° 58° 55° 60° 54° 
2 .790 • 7Y2 .798 56 61 58 55 58 54 
3 .780 .&J3 .80tl 53 64 58 52 65 54 
4 .810 .800 ,810 57 62 58 56 64 55 
5 .824 .bl4 .820 51 61 60 57 RO 57 
6 .eo2 .810 ,814 54 6l 59 51 60 5'/ 
7 .800 .E08 .804 54 64 54 52 62 52 
8 .804 .805 ,800 56 , 62 5Y 54 61 60 
9 .814 .806 . 818 59 63 60 60 65 57 
10 .812 .810 .788 58 61 58 57 63 56 
11 .7P6 .776 .798 58 61 58 57 60 57 
]~ .786 ,782 ,770 58 61 54 57 64 5~ 
13 .808 .814 .808 52 63 54 53 64 57 
J4 .782 . 790 .796 54 61 56 54 60 54 
15 .784 .802 .812 54 61 58 52 62 56 
]6 .eoo ,804 .810 5:1 60 56 52 59 53 
17 . 790 .796 .796 53 61 56 54 60 51 
18 ,772 • 777 ,786 54 GO 55 53 60½ 53 ]9 .762 , 776 .780 54 61 57 54 62 I 52 w ,762 . 766 .792 55 62 56 52 60 53 
21 .764 .782 .800 48 63 56 49 62 51 
22 • 790 ,788 .792 56 64 57 55 67 52 
23 ,772 .774 .760 53 62 52 51 65 53 
2<\ .788 .790 .752 52 63 54 51 61 51 
25 ,752 
I 
.780 .800 53 6.5 57 52 63 55 
26 .818 .812 .816 5'i 63 61 56 61 56 
27 .808 .80:! .796 58 63 60 56 60 57 
28 .774 . 78-1 . 772 56 60 56 55 60 52 
29 .762 .778 .78-1 51 I 61 55 50 60 50 
30 .79-1 . ;93 .816 54 I 61 59 52 61 54 31 ,bQ-, 
' .808 .820 55 64 57 54 65 55 
Total ... • , 2-149-:! I '246:26 24716 ....................... ... ... . 1669 1914 1681 I 
Mean .... 23.,90 ! 23.i94 23.i97 i- ··· ...... ...... .... ...... .... 53.8 61.8 54.2 I 
------v-----~ 
23 ,91 56.6 
I I I 
• • .200 too low; barometer defectiv~. 
Dry bulb. 
-
]lean 
56.3 ) 
56.0 
57 .0 
58.7 
' 58.0 
fi6.0 
..: 55.3 ·c: 
58.3 ,:: 
GO. 7 Cl) C. 
t8. 7 0 
58.0 
"' [,7. 7 ... 
58.0 l 
Cl) 
56 O a 
56.7 0 
54 7 ~ 55 . 0 
-5 5-'i.5 UJ 5tLO d 
55.0 I 8 54.0 ~ 58.0 
Cl) 56.3 i .c: I 54.::l =-' 56,7 I I 57. 7 57.7 
5.">.7 I I 53.3 55.7 
58.0 ) l 
1;550 
····· ······· · 
56.6 j···· ........ 
I 
P~ycurometer. 
Wet bulb. 
7 A. M. 2P. M, 
53 53 
54 57 
48 61 
55 61 
56 5!1 
46 58 
47 56 
5.'l 60 
58 61 
56 62 
56 59 
5.5 61 
49 59 
52 59 
51 61 
51 58 
48 58 
49 58 
48 56 
51 57 
41 58 
54 6L 
50 60 
50 58 
4l f\7 
54½ t\O 
55 59 
52 55 
45 58 
51 57 
52 60 
l5MI .5 18.22 
5l.O 5d,8 
54.0 
91•. M. 
53 
52 
:,3 
55 
56 
55 
48 
58 
56 
55 
56 
46 
55 
51 
54 
5'! 
49 
46 
50 
5:1 
48 
50 
52 
48 
53 
, 55 
55 
51 
48 
5:1 
54,} 
---
1620 .5 
52.3 
~ 
&'! 
tr1 
.., 
t_,2j 
0 
pj 
0 
~ 
0 
0 
:<t 
.... 
00 
<:..o 
No. 1.-Register of JJleieorological Observlltions-Continued. 
Rain. 
Date, I Time of I Time of 
I.Jeginning. ending. 
-1856. 
Jlt'r. J 
2 
3 
4 
5 
6 
7 
8 
9 
JU 
11 
]2 
l::J 
14 
15 
16 
17 
18 
2.30 p. m .. 1 3.10 p. m .. 
l p. m ..... 2 .1 5 p. m .. 
4 p. m ..... 4 .20 p. m . . 
·i i :5o ·;:ii;: / ·4:5·p: ~; ·:: 
12 . 25 p. m. 6. 10 p. m .. 
12.50 p. m. 2 .30 p . m .. 
'i"p,';~::::: 2.15p.m .. 
4.30 p. m .. 6.20 p. m .. 
12.10 p. m. 2.15 p. m .. 
8 .30 a. m ............. . 
11.30 a. 111. 12.:10 p. m. 
s:.;5· ~: ;~ ·.: ·6:20· p.' ;l;:. 
2 .10 a. m,. 4.311 p. m . . 
l p. m ..... 4.10 p. m .. 
l.3Up,m .. 3p.m ..... 
l2m .... ... 2. 15p.m .. 
5 p. Ill,,.,. 6 .40 p. m . . 
;~ 1·s:ao·p:~: :i-s:so·r:;~: . 
21 
22 
~3 
24 
25 
26 
· i: i5 · p: ~: . , · 5 ·;: ;r;: : : : : 
2.30p.m. 3p.m ..... 
........ ... 
8 .~0 a. m . . 19.15 a m .. 
10.30 a. m. 11 a. m .. .. 
2p. m .... , 8 p.m .. .. 
J.30p.m .. 3.l5p.m .. 27 
28 \ " .......... \ ........... . 29 .................... .. 
30 llla.m .... ll.1 5 a.m. 
2.l0p.m .. :ip.m .... . 
31 .•.••.•• . ...•••.. , ••••. 
.. 
C 
a 
< 
7 A. M, 
Course. 
>, 
~ 
~ 
1 IE, ..... ·I 2½ 
5 N....... 2 
1 
7 
8 
0 
0 
1 
7 
10 
10 
9 
10 
0 
3 
9 
0 
2 
SE ..... 
NE. & 8E 
SE ..•••. 
E .... .. 
E ...... . 
E ..... . 
E ...... . 
2 
2 
2 
2½ 
2 
1{~:-~-::., .. 0 2½ 
.E:°.NE·.:: :, ~ 
9 N....... . 3 
Kinds. 
2 1 N ... .... I 4 
1g .N:E::::: . ... 2 I lliist.. 
0 
0 
1g 1·E·.s·i:::.1 2 
9 IN ....... I 3 i -~-~:::: : ... : 
8 NE..... 3 
2 
i:: 
a 
< 
10 
10 
8 
7 
10 
7 
2 
8 
9 
7 
JO 
10 
9 
10 
IO 
10 
10 
10 
5 
7 
9 
9 
9 
8 
5 
10 
10 
7 
JO 
10 
(j 
T o tal. .. \ .. •••• ...... \ ······ ···· ·\~ \ ...... ···· \ ... • .. \ ··· •••• ' 262 
llt rn n ... ..... .. .. .. .. .. . ... .. 4.4 .•••.• .. . . . . . ... ..... .. 8.5 
Clrmds. 
2 P. M, 
Course, 
E ...... 
SE ••••• 
E ...... . 
E ..... .. 
:-E .... . 
SE . ..•... 
E.SE .... 
SE .•••.. 
E . ... .. 
E ..... . 
E ...... . 
E ...... . 
E ..... .. 
E ..... . 
E.SJ•: .. . 
E.NE .• , 
E .. .... 
N &E.SE 
SE ..... . 
E.t,E ... . 
SW .... . 
SE ••••• 
SE ..... . 
NE ..... . 
E ... .. 
N .... .. 
E ...... . 
NE .... .. 
ii.s:i.: .. .. 
t 
0 
~ 
3 
2½ 
2½ 
···2½ 
2.! 
3" 
2½ 
2½ 
3 
2 
2 
2.! 
2· 
2 
2 
2,l-
2 
2.! 
3" 
3 
2.! 
2· 
3 
3 
3 
2½ 
2½ 
Kinds. 
Mist .. . . 
~c 
6 
< 
0 
0 
0 
5 
5 
JO 
0 
0 
2 
]0 
7 
5 
0 
0 
3 
0 
0 
0 
0 
9 
0 
0 
0 
0 
0 
0 
2 
1 
1 
7 
4 
7l 
2. a 
Winds (well defi1,ed ) 
!) p, M, 7 A, M. 2 1', M, 9 I', M, 
Course. I j I Kind~ I ·~ I ~ I ~ I ~-- 1 ~ ~ i:5 ~ iS ~ i:5 
--- ---------- ------ ---
E ....... . 
E ..... .. 
E .•••••• 
E ..... . 
E ..... .. 
SE ...•. . 
N ........ 
2 
2! 
2 
..... , 1 ....... . 
2 
I ••• ~ • I •••••• 
2½ 
...... I .. •• ... N ...... 1 4 
4 
w .... . 
0 Nw·::: .1 4 
W .... . 
w .. .. 
,v ... .. 
w .... . 
w .... . 
~ 
0 
r... 
2 
2 
2½ 
2 
2 
. .. . .... , ........ ...... . , . •. ... . 1. .... . 1 ...... .. 1 ·= 
1-l 
c:.o 
0 
~ 
t_2j 
H 
tr".! 
0 
~ 
0 
t"' 
0 
0 
~ 
No. 1.-R~giuu r/ .Jfetc07ological Obun·ait'um&-Continucd. 
Barometer.* I I Psycbrometer. 
Dall. Thermometer in open air. 
lleight. Thermometer attached. Dry bulb. Wet bulb. 
]857. 7 A. JI{. 2 p, M. 9 p, M, 7 A, Jll. 2 p, M. 9 p, M. 7 J,.. M, 2 P. M. 9 P. M, Mean. 7 A, M. 2 p. M. 9 P. M. 
Jan. 1 23.814 23.814 23.824 55° 63' 59° 54° 64° 55° 57. 7 1 ( 5-.! 60 54 
2 .808 .800 .8()0 56 63 56 55 65 53 57.7 I I 53½ 62 50 
3 . 795 • 79-1 .804 55 62 57 55 64 55 58.0 50 60 54 
4 .800 .8(4 .8115 55 65 57 55 67 53 58.3 53 60 5l 
5 .804 .796 .,96 53 63 52 53 6ti 49 56.0 I I 47 60 43 
6 .7i6 .782 .808 47 61 55 46 63 50 5:J.O 40 56 48 
7 .812 .1312 .1330 56 62 5'l 57 63 51 57.0 49 58 49 
8 .804 .818 ,i33U 53 60 55 52 61 53 55.3 1· .g I 50 57 52 
9 .808 .828 .838 51 59 55 49 58 52 53 . 0 § 46 56 51 
]O .808 . 8ll .808 55 58 55 52 54 52 52. 7 ll g- I 52 54 51 
11 .EU2 .8l0 .823 53 60 56 52 IJ0 53 5.5.0 i:: 49 58 52 
l2 .826 .S:l6 .8~3 51 63 54 51 6'2 52 55 . 0 ·;:: 4!l 58 48 
)3 , 830 ,825 .820 53 60 55 53 6[ 51 55,0 I 2:; 50½ 59 48 
~! :~~ :~: :~ti ti it i~ !~ i~ ;~ itg I ~ !~ ~~ !~ 
16 .842 .846 .844 52 62 55 51 58 51 fi3.3 I E 49 56 51 
17 .8:?6 . 8-26 , 820 52 62 57 52 62 52 55.3 .; 47 57 5 1 
]8 .808 . 8'J-2 .832 ,:9 60 53 50 63 51 54. 7 -5 46 59 48 
]9 .820 .8:l8 . 830 52 60 54 5l 61 51 51.:1 rJ 48 55 4!J 
20 .828 .8:!8 .842 5:J f9 53 52 57 53 54.0 "' 51 56 47 
21 .8:!6 .840 . 842 50 59 54 50 59 50 53.0 E 46 56 47 
2-.? . 822 .826 .818 50 62 54 50 65 52 55. 7 ~ 47 58 5() 
23 .1;20 .8:!6 .&."J() 52 6U 53 52 60 53 5.5.0 I ~ 49 56 41 
~ J1: : ~~ : t~ ~i ~ : ;~ . ~: ii ;t; ~ ~ g~ :~ 
26 .8:!.\ .t-24 .820 52 56 5:! 51 55 50 52.0 51 53 48 
27 .ll'l6 .80-2 .b04 51 55 52 50 56 50 52.0 50 5t 49 
28 . ,ts . 1s-2 . 800 52 52 56 50½ 57 I 52 53. o 5U½ 55 52 
29 .i96 .t-1)2 .804 5-1 57 52 54 58 50 54.0 53 56 49 
:JO .806 .t::!O . 836 51 59 53 51 60 51 54.0 49 58 49 
:n .&3-21 ,e:JI .838 52 60 53 54 GO 52 55.3 53 57 50 
--- -----·- ·- ----- ---------- ------------- ---
T •>lUI., 252:>9 25368 2552d . . . . . . .. . .. .. . .. . ..... 1600 JE83 1599 16939 .. .. • . . .. . 1511.5 li63 152-1 
~II.on... 123.815 ·23.bl8 1 23.823 .... .... .... .... .. .. .... 51.6 GU.7 i 51.6 M.6 1·· ·"· .... 48.7 56.9 49.2 
'---~~--- 5-1.6 51.6 
I I 
* .l!OO too low; b:uome\er def~tive. 
Low temperatures. 
At6.20a. m.=51°; at6 ill 
a. ,u.49"; at6 35a m50°. 
At 6.30 a. m. 49'. 
At 6.30 a. m. 50°. 
At 6.30 a. 111. 47} 0 , 
At6 30 a. m. 51°. 
Al 6.15 n. m. 46°;at6.9:"i 
a.m. 45°; a\ 6.30 a m.16° 
rs: 
t,,j 
~ 
~ 
0 
~ 
0 
t'4 
0 
0 
~ 
)-,I 
0 
,.... 
No. !.-Register of Meteorological Observations-Continued. 
Rain. 
Data. 
Ti~e ?f be- ,'l'irn~ of end 
ginning. mg. ~ 
::, 
0 
s 
< 
7 A, M, 
Course. I 
-t 
.s 
~ 
Clouds. 
~p. M, 
I Kinds. I § I Comae I I 0 s ~ --<l 
----1---- ----1--1----1-- ,---1- -,----
· 18j7, 
Jan. 1 1 p. m •••• ,l 1.30p. m •. 
2 
3 1•••• ....... . 
4 
5 
6 
7 
8 
9 
·5:j5' p: ;~:: 1 ·5:45°p.' ~:. 
JO I 5 p m ..... I 5. 30 p. m .. 
11 1, .......... . 
12 
]:i 
2.30 1-1· m .. 5.15 p. m .. 
12.45 p. m 1·i:io 0p:~:: 
14 I······ ..... 
15 
lfi .................... .. 
li 2.40p.m .. 3.10p.m . . 
1~ .......... ... ...... .. . . 
l!-) .. .................... . 
20 11 a.m .••. rn.15p.m. 
1~ .:i0 p. m. 5 .30 p. m . . 
2\ 4.\0p.m . . 4.3(:Jp.111.. 
2:? .•••••••••..••••••••••. 
23 . .......... . ... .... . .. . 
2.\ ••••• •••••••••••• • ••••• i -~\~:.:.~·: t~i·i:~~--J 
1 
5 
0 
0 
2 
0 
1 
0 
0 
8 
0 
] 
0 
NE •••••. 
NW ..... . 
N . ...... 
2 NE .. . 
4 N ...... .. 
0 ....... .. 
0 .. ... . 
,O NE .... .. 
2½ I Mist; 8, 
8.5 a.m 
2 
4 
2 .... ' "" \"'""I'··· .. .. 0 .... ...... . ........... .. l . ..... .. .........  . 
l ..................... .. 
7 E ....... . ...•.. · ··· ·••· 
9 N .. ..... ....... Mi,t ... 
lU N .... .. .. ... . ...... .. 
7 
9 
6 
8 
9 
5 
9 
9 
9 
9 
9 
3 
9 
10 
9 
9 
8 
10 
8 
7 
8 
9 
9 
10 
10 
E ..... .. 
SE ..... . 
NE .... .. 
NE ..... . 
s ...... . 
i-i.Nw :. 
8 ....... 
N.NW.& 
s ..... .. 
E.NE .. . . 
N ...... . 
N ..... .. 
E ...... ; 
E.SE .. .. 
E ...••.. 
N ........ 
SE ...•.. 
N ...... . 
N ...... .. 
s .... .. 
N ..... .. 
E . ..... . 
N .. ..... . 
NE . .• • . 
N . . . ... . 
s .. ···~· NE ...•• . 
N .... .. . 
N .. ..... . 
3 
2½ 
3 
2½ 
1 
2 
2 
2 
3 
2 
2 
1 
2 
2 
2½ 
2 
2 
3 
2 
2 
3 
2 
Kinrls. I 
Mist ...•. 
Mist .•••• 
Upper ... . 
Lower .. . 
Mist ..... 
~ 
C 
::, 
0 
s 
< 
0 
0 
3 
l 
0 
0 
0 
9 
2 
5 
0 
0 
0 
1 
u 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
Winds (well defined.) 
9 P. M, 7 A , M. 2 P, M. 
I Cou,se I 
~w ..... . 
N ....... . 
NE ..••.. 
NW ..... 
6 
·c3 
0 
~ 
2½ 
2½ 
3 
I Kiods I 
c 
·i 
A 
w ..... 
w . ... . 
vv .... . 
w .... . 
w .... . 
~ 
~ 
2 
2 
2 
2 
w ..... l 2½ 
sw .. _. 2½ 
Mist ... , . .••.... 
1 
...... 
•• ••• e•• • ••••• 
N.' .. ::: ·::::. 
-i 
~ 
A 
g 
~ 
~;: :::.·1 ::::::1 I 
' ..... I ...... "I w.. .. . . . .. .. : : : : ... ·1 ·..... 
<L> 7::/ ;;;);;/: \C 
9 P. M, 
c 
-~ 
ti 
~ 
A 
W .• , •. 
N ...••. 
W ...•. 
w .... . 
w ... . 
\V ...•. 
w ..... 
w .... . 
w .... . 
w .... . 
t 
0 
ra.. 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
.... .......... 
w..... 2 
w..... 2 
w..... 2 
w..... 2 
w .... . 
w .... . 
W . .. .. 
w .... . 
IV .... . 
w ... .. 
w .... . 
2 
2 
2 
2 
2 
2 
!.l 
-c.:, 
~ 
bl 
M 
~ 
t?:l 
0 
~ 
0 
t"1 
0 
~ 
~ 
:~' • Cl 
: : : : 
:~ :~ 
~::: 
~,c, : : 
:::>o,o -,co ,M 
-- ..... ~ 00 
{ \\ T 
... . 
. . . . 
~ ~: : : 
"Z~: 
!:,._ci ... , .,., r-: 
O'.) C'l 
--:--. -
~ ~ ~ ~ ~ 
! i j~ 
: : :ci 
; . . : 
: : :,= 
ii} 
: : : C, 
METEOROLOGY. 193 
13 s 
-Date. 
H eight. 
1857. 7 A. M. 2 P . K. 
F eb. 1 23 .844 23 .824 
2 .814 . 819 
3 . 816 .828 
4 .818 .808 
5 .802 .78U 
6 .768. . 764 
-
7 .750 • 760 
8 
····:1ao .. • 782 9 .782 
JO .784 .788 
11 .784 .790 
12 • 798 .820 
13 .832 .800 
14 .798 • 79-2 
15 .808 .790 
16 .808 . 798 
17 .810 .796 
18 .mo .788 
19 .801 .787 
20 .803 .792 
21 .804 .776 
22 .792 .774 
23 . 79-2 • 768 
24 .800 .784 
25 .812 .815 
26 .820 .810 
27 . 810 .800 
28 .796 .796 
----
Total . . . 21.647 22.2 Ll 
·------
MP.an ... 23 .~Ul 2::l .79::l 
\ 2:3. 800 
No. 1. - Register of .Jfeteorological Observations-Continued. 
Barometer.* Psychrometer. 
Thermometer in open air. 
Thermometer attached. Dry bulb. Wet bulb. 
91' . M 7 A. M. 2 p. M, 9 p. M, 7 A, M, 2 P. M . 9 P. M , Mean. 7 A. M. 2 P, M. 9 P, M, 
23.8:22 55° 60° 56° 56° 63° 53° 57.3° 54° 61° 51° 
.8'26 54 60 55 56 59 52 55.7 53 
~½ 50 
.826 51 60 53 54 60 49 54.3 42 43½ 
.814 51 61 52 54 62 46 54.0 51 62 42 
.780 53 59 55 55 60 52 55. 7 48 58 50 
.762 55 61 55 55 64 52 57.0 ..: 53 60 50 
.770 53 61 58 52 60 57 56.3 ·; 50 57 54 
.808 62 57 53 62 55 56. 7 § 51 57 53 
.792 • 56 59 56 56 57 55 56.0 C. 54 55 51 
.796 55 61 57 55 63 51 66.3 0 50 58 51 
.808 55 59 54 53 58 51 54.0 .s 53 56 49 
.834 53 61 57 56 61 54 57.0 ... 49 57 52 .., 
8 
.814 55 62 58 56 62 56 58.0 0 54 59 54 
.808 55 61 59 55 59 55 56.3 ~ 53 57½ 54 
.e10 57 60 56 56 58 55 56.3 
.., 
55½ 57 53½ 
-5 
.800 55 62 55 56 60 55 57 .0 UJ 53 59 50 
.816 56 63 55 59 63 52 58.0 "' 53 58½ 4!1 
.792 55 62 59 55 59 57 57.0 Q> 54 59 55 8 
.810 58 62 60 59 61 57 59.0 1E 56 59 56 
.811 59 64 60 58 64 58 60 .0 .., 56 61 57 
.808 59 63 59 58 62 57 59.0 .i:: 56½ 62 5ti 
.7!16 58 63 59 57 63 56 58 .7 E-< 55 60 55 
.792 57 62 60 57 64 58 59 . 7 55 62 56 
.818 59 63 58 58 61 55 58.0 57 61 54 
.820 56 63 58 57 63 54 58 .0 54 60 53 
.814 55 63 55 56½ 67 53 58 .8 53 62 51 
.802 54 60 53 54 59 51 54.7 52 56 45 
.788 51 58 53 53 56 51 54 0 50 57 49 
-- -------
22.540 ........ 
········ 
........ 1559 1712 1507 1592. 8 
. ....... .. 1 1475 1644 .5 · ]444 
- - - ---- 6Ll!-53 . 8 
-56 .• 
1
-:.:::-:-:-:::r -52.7-,_. , --.i:. 23.805 ........ 
······· · 
....... . 55.7 
56.9 54.3 
I 
* . 2 00 t o o low ; b a rome t e r d e fec t iv e. 
Remarks. 
At 6 a. m., 50°. 
At6.20a.m.,51°. 
At 6 a. m., 47° • 
At 6.30 a. m., 49". 
Short and taint mutt11rin 
of thunder, the first < 
this year. 
Faint thunder. 
Thunder at Ji (1, m, 
} 
.... 
~ 
I+:--
a:: 
t,=j 
~ 
0 
~ 
0 
t:.-4 
8 
!< 
Xo. 1 .. - . .i,g1Mcr '!f J/dtJQro/.cgu:al Observatwm-Continued. 
Ruin. Clouds. 
Date. I 7 A, !II. 2 P. M. 9 P. M. rune. of end 
____ 1 __ ._n_g_. 11 ,----1--1--- 1--,----,--:----1--1----1--1---
Time ofbe ginmn ... >. I IGnd,, I I Cou,,e. I >. I Kind, I 
~ I Coura,. I ~ IK'"~I Course. I i: ·.; ::s C, :::, ·;:; 0 0 0 0 C' ~ E t E t < < 
1857. 
Feb. I 1 p. m ..... 2.30 p. m. 
1.30 µ. m .. 3.45 p. m •. 2 
3 
4 
5 
............ . ........... . 
12.45 p. m. 2 p. m . . . 
6
. 4.30 p. m .. 4.45 p. m . . 
7 
IS 
u 
JO 
11 
iii"n;::: :: :· ·2:w·p: ~:: 
!1.30 n. m .. 10.45 n. m. 
ll.~ a. m. 1 l p. m .. •• 
3.30a.m .. 5.45p.m . . 
12 .............•......•• . 
13 11.:iOn.m. 12.45p.m . 
3. l;q1. m .. 4.30 p m .. 
5 . :JO·p. ILJ. . 1 5.45 p. Ul.. 14 11 .4j n. ID. 3. 30 p Ill .. 
15 lln.m •••. 6p.m .... 
16 l.30p.m .. 3p.ni. ..• . 
17 5.30p.m .. 6.I5p.m 
l E ....... 1······1· ..... .. ~ I-~-· .. :::: : ... ~ .. :::::::: 
1 SE .••.•..•.....•. .. .. . 
1 E. •••••. l 
0 
0 
l 
1 
9 
10 
7 
9 
.......... , ..... . 
N ..... ........ . 
N .................. .. 
N .............. 1 Fog ... . 
·s·.::::::.1 .. 2 .. , ...... . 
7 N .. .... .. ~ l' h:iisL: 10 SE ..... . 
8 ............ .. 
10 
JO 
9 
9 
9 
E .•••••. 
E ..... . 
N ....... . 
SE ..... . 
N ....... . 
9 1 ~E:::::: 9 s ....... . 
9 s .. •·•·· · 10 N .• .•••• . 
9 s ...••.• . 
10 Is ...... . 
9 s .. ····· · 8 SE ••••. . 
10 I ........ . 
10 
10 
9 
]O 
-~!E ::::: : 
E . ••••• . 
E ..•.... 
... 2•• 1•••······· 
2½ 
••••• • 1 ••••••••• . 
2 
2 
.••••. 1 ......... . 
2 
2 
1 
2 
I 
7 
0 
0 
0 
1 
0 
7 
1 
10 
l 
2 
0 
2 
3 
s ......... 3 .. 1 ....... . 
Winds (well defined.) 
7 A, Id. 2 P. M. !Ip. M • 
= 
I 
I 
0 
"f ~ 2: 
iS 0 r.. 
= 
·i ~ 
2 0 c... 
~ 
·i 
~ 
~ 
0 
r.. 
·N.NE::I"":/· W .... 2t ~ ::: ·1 ····2t 
NW.... ~ 
w.... 2 
w .... 
w:: .. 
...... 1········1······1········ 
··················· · w ... . 
........ ...... w ... . 
vV •••. 
w .... 
l½ 
1 
2½ 
Calm .. , •.•..• 
Calm ...••... 
W .... 2 
sw.... 3 
18. 12 3J p. m. l 1.45 p. m ..
19 112.55 p. m. 1.15 p. m .. 
2J 4 a . m .... 5.30 n. Ill •• 
8. 15 a. m. . JI a m ... 
3.15 p. m . . 9 .:ll p. m .. 
:?1 l.15p.m .. 4.IOr,. m •. 
2:2 9.5n. m ... l.311p.m .. 
2 .30 p. m . . 4 .55 ll· m .. 
4 N.'.:.::::l ... i .. 
6 SE..... . 2 ....... . 
• 1 •.. .... •ii ...... . 
8 
9 
S.SE .... 
SE ••..•. 
2¼ I Fog ..•.• . 
3 . . .. .... . 
2¼ Fog ..... . 
10 
0 
2 
6 
6 
10 Fog .... ·· ······· , ..... · 1 • • .. • •• . , . • •• • • ..... ... , .... .. ........ ....... ........ . 
23 9 .45 a. m .. 1 10.10 n. m. 
11.15 n. m. I2.JO n. m. 
l.5p. m ... 5p.m .•..• 
6 
1 
............ . ... I Fog .. _ .. 
10 ......... ···" 1··· ... . 
10 I E........ 1 ..... . .. 10 IE.······ 10 E.SE .•••• 10 ESE .... 
2 I Fog ..... 
1 
2½ I Fog ..••.. 
9 
3 
7 
::::'. Jw·::::1 2 
·••• ...... , .•••. , Fog .... 
a:: 
tr:l 
>-3 
tr:l 
0 
~ 
0 
~ 
0 
Q 
~ 
....... 
<:.O 
01 
Rain. 
Date. 
Time of be- /Time_ of end-
grnmng. rng. ..; 
i:: 
:, 
0 
s 
< 
7 A. M. 
Course . t 
0 
~ 
No. 1.-Register of .Meteorological, Observations-Continued. 
Kinds. c ;::, 
0 
s 
<: 
Clouds. 
2 {' • M. 9 P. M. 
e, I Ki,ds- j j I c, ..... 11 Course. I ·o ~ 
t 
,---- ----,--,----,--, --
1857. 
Feb. 2417.55a.m .. l 8.l5a.m .. 11 .15 a. m. fi.30 p. m .• 
25 2.55p.m .. 3.l0p.m .• 
5.15 p. m .. 5.45 p. m .. 
26 ...................... .. 
~ 1·i2:i;j;:;~:,·fa3o·p:~: 
4 
2 
0 
Total .•. 1 •••••••••••• 1 •••••••••••• I 135 
..... , .... 
N ....... . 2a, 
10 
8 
9 
9 
10 
..•..••. , ~62 
E ....... 
N •.•••• , 
s .. ..... . 
E ...... . 
N, ..... . 
SE .. , •.• 
21 Upper . • . 2 Middle. 
2½ Lower. 
2½ ••••••••. 
2 Fog ..... . 
0 
0 
0 
89 
:\111an ... 1 ...... ...... 1 ........... 1 4.8 1 .......... 1 •••••• 1 • ••••••. 1 9.4 1 •••••••••• 1 ...... 1 •••••••••• I 3.2 1, ........ . 
7 A,M. 
I Kind•-/ = I -, .,j t) /5 i:'S r.;. 
Winds (well defined.) 
2P, M. 
I 
= 
.9 
0) 
~ 
iS 
N ...... J 
~ 
/5 
r.. 
9 P, M. 
= 
·i 
Q 
w .... , 
3 I w .... 
w ... , 
w .... 
o3 
~ 
~ 
l 
4 
2 
2 
...... 
e..o 
a} 
s: 
t,,_j 
1-3 
t_%j 
0 
~ 
0 
t"" 
0 
Q 
~ 
Dote. 
18.57. 
l\lnrch l 
2 
3 
4 
5 
6 
7 
8 
\I 
10 
11 
rn 
13 
].I 
15 
16 
17 
18 
19 
~ 
21 
!l-..! 
23 
:.!-l 
25 
26 
2; 
2~ 
29 
3d 
31 
7 A, 'I', 
23.t410 
.t!Oti 
.81'1 
.810 
.794 
• 79-2 
.79-1 
.814 
.8:20 
.806 
.81-1 
.t:00 
.&H 
.b-.?O 
.822 
.b08 
.bl'l 
.b39 
.8:!2 
.807 
.808 
.800 
.7~ 
.790 
.778 
.i6-t 
. ,,8 
.&U 
8.i2 
.81-4 
12 
Height. 
2 p, ~l, 
23.7t>-t 
.79-t 
,bO·l 
.1:118 
,79-l 
.7!14 
.800 
.blt3 
.82-1 
.¥00 
822 
.t-30 
.810 
.816 
.810 
.812 
.8l5 
.S:J-2 
.818 
.810 
.805 
.7!lti 
• 78-t 
.785 
. 768 
.760 
.7ti8 
. 812 
.blti 
. 8-.?0 
.7!H 
No. 1. - Rrgisln ef Jldeorolngical Observations- Continued. 
Ilnrometer.• 
9 p, M, 
23.795 
. 8:!0 
.BIO 
. 8Ctl I 
. 7!16 
.,90 
.806 
.826 
.808 
.80-2 
.8-14 
,B;H 
.810 
.b20 
.t-16 
:~ I 
.842 
.614 
.80'2 
. &JO 
. i!/6 
.792 
.798 
. 762 
.,68 
.800 
,828 I 
.8-10 I 
.826 
.806 I 
Thermometer attached. 
7 A, M. 12 P, M. 
55° 61° 
56 63 
58 63 
56 
53 
52 
53 
54 
55 
52 
55 
56 
54 
55 
53 
55 
57 
58 
57 
56 
~ I 
55 
58 
58 
58 
: I 
60 
58 
59 
~ 
w 
w 
u 
61 
61 
w 
61 
tiO 
61 
~ 
w 
w 
~ 
~ 
~ 
w 
61 
61 
61 
w 
61 
61 
~ 
~ 
60 
~ 
w 
9 P, M, 
59° 
61 
56 
55 
53 
53 
55 
54 
55 
55 
58 
57 
56 
55 
56 
59 
60 
59 
57 
57 
57 
56 
58 
58 
5!l 
60 
60 
61 
59 
60 
60 
Thermometer in open air. 
7 A , M. 
55° 
55 
57 
56 
54 
54 
54 
52 
54 
54 
55 
51 
56 
52 
5-1 
57;!-
57 
58 
58 
56 
5~l 
57½ 
56 
56 
60 
55 
!'>G 
57 
59 
59 
57 
2 P . M, 
63° 
63 
64 
64 
62 
67 
69 
63 
62 
63½ 
60 
61 
59 
61 
62 
64 
69 
63 
66 
61½ 
61½ 
63 
61½ 
61 
62 
62 
66 
66 
60 
68 
61 
9 P . M, 
57° 
59 
53 
56 
50 
50 
f.7 
51 
50 
53 
55 
56 
52 
53 
53 
57 
57 
54 
55 
55 
55 
54 
56 
56½ 
57½ 
57 
59 
60 
57 
58 
59 
Mean. 
58. 0° 
59 .0 
58 . 0 
58 . 7 
55 .3 
57.0 
60.0 
55.3 
55.3 
56 .8 
56.7 
56. 0 
55 7 
55.3 
56.3 
59.5 
61 0 
58 . 3 
59.7 
57 .5 
57.0 
58 .2 
57,8 
57.8 
59.8 
58.0 
60.3 
61.0 
58.7 
61. 7 
59.0 
Dry bulb. 
·; 
C: 
C, g, 
.5 
., 
8 
0 
~ 
5 
00 
"' s 
ffi 
0 
~ 
Psychrometer. 
7 A, M , 
53° 
54 
54 
52 
48 
51 
49 
El 
52 
51 
53 
50 
48 
42 
50 
54½ 
55 
55½ 
53 
5-li 
52 
54 
54 
55 
58 
54 
56 
55 
59 
57 
56 
Wet lrnlb. 
2 P , M, 
57° 
57 
60 
57 
51 
59 
58 
57 
58 
59 
58 
58 
58 
54 
58 
59 
62 
59 
61 
59 
59 
58 
59 
58½ 
59 
58 
60 
60 
57 
51,i 
59" 
91•. M, 
55° 
57 
49 
53 
47 
47 
49 
49 
48 
51 
55 
53 
50 
50 
50 
55 
55 
53 
52 
51 
53 
52 
54 
55 
56 
56 
57 
58 
56 
56 
57 
Total ... :5.0-1.· 6 I :-U.·115 I ~095 I·· ·· ·+ ···" .. .. . ~~~, 1712 1798.7 ........ . . 16;,().5 ,_ 1812 1- 1639 
Meon ••. 
1 
->~• I : : I ,, sto 1···· ····1 .... . ... 
1
~, I:: ss.2 ,a.o 1········· 1 0,. 2 ;a., 02 '-
• .200 too low; barometer defective. 
Remarks, 
Lightning and thu nder of 
short duration. 
a:: 
t_,tj 
1--3 
t".:l 
0 
pj 
0 
~ 
0 
cp 
:< 
,_ 
(,0 
-:J 
Date. 
1857. 
March l 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
Rain. 
Time of I Time of 
beginning. ending. 
9.30 a.m ... l IO a. m .•.. 
·2:ao·p: ;~: :1 ·2:as·p: ~:: 
. ~ .~·. ~~:::::I:~:~:~::::: 
2.15 p. m •. 3 p. m ••••. 
15 1 .......... . 
16 
17 
18 
)9 I• •••••••••" 
20 ~1.30 a. m.\2. 15 p. m. 
21 l.15p.m .. l.20p.m .. 
2:! •••••••••• . ••••··••·••• 23 ............... ........ . 
24 . ...................... . 
25 •••••••••••• . ••••••••••• 
26 .•••••••••••..••..•••.. . 
2i 4.45p.m .. 5p.m ••••• 
2B .••••••••••.••••••••••• 
~ 
::, 
0 
E 
< 
10 
10 
3 
3 
0 
0 
1 
9 
3 
1 
5 
10 
2 
10 
3 
7 
6 
5 
1 
4 
0 
0 
1 
lO 
8 
10 
10 
10 
No. 1.-Register of Meteorological Observations-Continued. 
Clouds. Winds (well defined.) 
7 A. M. 2P. M. 9 P. lit. 7 A, M. 2 P. M. 9 P. M. 
e, 
I Kind,, I 1 I Coora,, 1 e, I IGnd•, 1 ... I Coura,, I -t I IGnd,, I = 
I 1 I 
ci 
I I 
ci 
Course. I .: 0 
·i -~ 'ol "ol ::, ·.::: <I) I 
ai 0 C) ~ ..s £ ..s ~ 8 8 
> > 
s > i5 iS 0 i:i 0 < la;. 
""' 1----1---1---1--1----1--1----1--1----1--,---,---1--1---1--1---1--
S.E .•... 
S.SE .•.. 
E ..••••. 
NW ..... 
E ...... . 
SE ..... . 
2 
2 
E ••••••• , .••.•. 
E ..... .. 
E ..... . 
E ••••• . 
7 
6 
10 
5 
5 
8 
4 
10 
10 
9 
10 
10 
10 
5 
SW .... . 
s ...... .. 
s ....... . 
s ......•. 
s ....... . 
s ....... . 
2 
3 
2 
2 
2! 
2 
E. ....•. 2½ 
E .SE .••. 2 
E .••••••..•••• 
E.SE •••..•.•...••• , ••••. 
E ........•••••••••.••••. 
E ...................... . 
NE .......... . Fog ..•••. 
s ............... ........ . 
w ....... 1· .. 2·· :::::::: ~ 
·~iw:.:::: ···2·· ·u=p;~;:. ~ 
SE . • . . • . 2½ Lower ..••.•• 
W ..•••.. .•... . High.. 7 
NW. . .. 2½ Higher .. 
S~... ... 2½ Lower ... 
W ······ 2 S.SE .• . 2½ 
Stationar y .•.•. 
S8...... 2 
W.NW... 3 
Higher .. 
Lower .. 
Higher .. 
Lower . . SE...... 3 
w ...... . 
E ....... . 
1 \ High .. I 10 
2 Lower • 
E........ 3 Fog ..... . 
NW .•••• . .. . 2· l iiigi;~; 
·: ~~ ~ ~ ·:.:_:_:_L :_:_\-: \ }~f :. ~ ~ 
10 \ Stationar ly ..... 9 SE. •••• 2½ 
10 E.SE. .. . 2 
10 SE .. • • • . 2½ 
10 E.SE .... 2 
10 s.. .... . 2½ 
9 s . . ·· ·•·· 2¼ 10 E.SE ..•. 2 
7 
7 
2 
1 
0 
0 
0 
2 
1 
5 
10 
9 
2 
0 
0 
0 
5 
2 
3 
0 
0 
4 
7 
10 
5 
4 
9 
S.SE .... I 2½ , •••••••• 
s. ...... 3 
E .••••••• 
w ....... l 1 
· iit~ti~~~~lr: : : : : I : : : : : : : : 
.......... 
::: :::: ::: :::::: /:::::::: 
................ ········ 
...... ,·w::::::::::: 
W ......••••• 
w .. ... .... .. 
• ... ••••I•"" I W. •••• •••••• 
w ..... .... . 
w ..... ..... . 
w ..... ..... . 
w ..... ..... . 
iit~ii~~,~;y::: 
w ... ....... . 
w ... .. 
w .... . 
w .... . 
,v .... . 
SW .. . 
w ... .. 
3 
3 
.............. .............. 
1 
w ..... l 2 
............................ w..... 2-,j-
··· ···· ..... . ...•.....••••. SW... 3 )/ \l! )fjjj jjfifj j)jjjjj _:_:.\j 
~ 
c:.o 
00 
~ 
ti=.l 
1-i 
ti=.l 
0 
l;!j 
0 
t'-4 
0 
~ 
E.SE. .... , 
WNW. . . 2 His:-her. 
8£. .. . .. . 2t Lower. 
\V. . .. .. . 2 Higher . 9 I NW ...... 
S .. . • • • . . 3 l\liddle. . . • . . . S .•••. . .. 
M enn ·1··"·· ..... , ........... , 169 , .~.::~:::: ... ~ ... ~.~~·c·r·.1262 
1 
......... . 
Total... . ... . ... . .. . . . .. .... ... 5 .5 •. •• .. .. . . .. . . . . . • .. . .. . 8 .5 ........ .. 
9 . ,. "'· f "''"''I JO 
: . -~:~~-~--~:: ·;:;~·~.· ~J 8 9 
5.:2.5p.m .. 6.l0p. m .. 
2 JO SE ... ,, . 
'\W .. . . . . 
s .. .. .. .. 
i* I ~?:i;~r·:: , 10 •••••• ···· 1·"·" ........ 1 ........ 1 ...... 1 .. ·· .... j"""I 15 •• • •. 
2 .......... 10 S.SE ... . 2 ... ..... . ....... .. ..... ... ... , ,i ..... . Oalm .. 1 ..... . 
2 
3 
Higher . ·I 8 
Lower .. I 
.... ····· · 1124 
...... , .......... ~ 1 ......... . 
I( 
t_tj 
~ 
0 
pj 
0 
b 
~ 
~ 
c.o 
c.o 
No. 1.-Register of Meteorological Observations-Continued. 
Barornelt'I, <- Psychromcter. 
Thermometer in open air. 
Date. Height. Thermometer attach ed. Wet bull!. Remarks. 
Dry bulb. /-----,-------,----
7 A..M, 2 P, M. 9 P. M, / 7 A, l\[. / 2 p, hf. / 9 P. M. 7 A, M. 2 P.M, 9 P. M, Mean. 7 A, JI[, 2 P,M. 9 P, hf. 
---1----,----,----,----,----1----1--------
IB5~ 0 
April 1 23. 792 23. 788 23. 798 60 
2 • 798 .820 .819 57 
3 .809 .8:.!8 .824 56 
4 .800 .812 .810 55 
5 • 788 • 792 . 796 56 
6 . 791 . 788 .800 58 
7 . 788 . 792 . 790 59 
8 • 784 • 784 . 790 56 
9 • 792 • 784 • 794 5!:I 
10 • 784 . 788 .810 60 
JI .800 .803 .814 58 
12 .812 .814 .840 59 
13 .842 .836 .854 57 
14 .E42 .820 .834 57 
15 .829 .810 .818 57 
16 .800 .803 .811 57 
17 .806 .800 .812 59 
18 .800 .800 .806 57 
19 .794 .802 .800 59 
20 • 796 • 792 . 794 56 
21 • 794 . 782 . 798 56 
2-2 .802 .809 .834 59 
23 .826 .832 .856 58 
24 . 798 .836 . 850 57 
25 .823 .814 .808 58 
26 .809 .806 .812 59 
27 .822 .83'J .834 57 
29 .834 .826 .8:.!2 58 
30 .828 .820 .820 59 
~ ~ 
·M 55 
~ ~ 
M $ 
~ w 
M 00 
~ w 
M 00 
65 62 
M W 
62 6L 
~ m 
61 60 
64 59 
~ w 
62 60 
64 60 
w w 
~ w 
~ ~ 
M W 
63 61 
63 6L 
~ w 
~ w 
M W 
M W 
M ~ 
M W 
~ w 
58 
58 
57 
55 
56 
60 
59 
58 
58 
57 
55 
57 
5 -. 
55 
56 
57 
57 
57 
58* 
60. 
59 
58.l. 
57• 
56 
60 
59 
59 
62 
59 
58 
60 
66 
67 
65 
65 
67 
62 
69 
70 
67 
62 
57 
65 
72 
64 
60 
66 
63½ 
62 
64½ 
67 
63 
65 
66 
63 
70 
67 
68 
68 
64 
57 
53 
56 
56 
56 
57 
55 
58 
59 
59 
59 
58 
58 
57 
57 
57 
59 
56 
55 
54 
56 
59 
59 
56 
56½ 
55 
58 
57 
56 
57 
58.3 
59.0 
60,0 
58.7 
59,0 
61.3 
58 7 
61,3 
62.3 
61.0 
58. 7 
57.3 
59,3 
6L.3 
59.0 
58.0 
60. 7 
58.8 
58 .5 
59.5 
60. 7 
60.0 
60.3 
59.3 
59.8 
61.3 
61.3 
62.3 
61.0 
59. 7 
·a 
§ 
0. 
0 
·= ....
~ 
"' 8 
0 
~ 
"' 
-5 
1/l 
"" I 
"' t; 
56¼ 
55½ 
52 
51 
54 
57 
56 
55 
56 
56 
~5 
57 
55 
54 
55 
52 
55t 
55 
55½ 
55 
53 
56 
56 
55 
57½ 
56 
55 
57 
55 
56 
59½ 
60 
60 
59 
59 
60 
59 
59 
61 
60 
59 
56½ 
62 
62 
58 
57 
60 
{i(I½ 
57 
60.l. 
59" 
58½ 
60 
59 
59 
57 
59 
58 
56 
59 
M 
~ 
51 
M 
M 
55 
~ 
55 
56 
~ 
~ 
56 
m 
55 
55 
56 
m 
~ 
~ 
51 
M½ 
56 
~ 
~ 
55 
~ 
M 
M 
M 
56 
28 .822 I .820 .814 59 
Total..... 24.2~\ 24.233 24.462 .• •. ····\···· ···· \· ··""' \ ~31 \ 1!155 \- l~05i 1 1796.41···· ...... 1 1654 . 5 I 1773.fi 11634 5 
Mean..... 23 .807 , 23.808 23.815 ........ .•.• .... .•••.•. ;:,7.7 65.2 56.8 5!l.9 .••••• •••. 55.1 I 59.1 54.5 
'---~.810 ~-----;;:-9 ~ 56.2 
• .200 too 10,v; bo.ro1nctcr d ef~ctive. 
r ightning without thunder 
2.25 p. m.-2.55 p. rn. 
Therm. 50° at 6 a. m. 
Thunder, muttering, at 6 
P· m. 
Thunder. 
N) 
0 
0 
~ 
t.tj 
~ 
t.tj 
0 
t:d 
0 
t"" 
0 
~ 
No. l.-Rerfoter of Mtu0r&ogic<ll Obw-ootions-Continued. 
Rnin. Clouds. Winds (well defined.) 
7 A. M . 2P. M. 9 p . l\I . 7 A. M . 2 1•. M . 9 p. 11. 
Date. 
Time of I Time of 
Ooorn•-1 l I '""'' I I Ouo,s,. I l I filo~- 1 I Coora,. 111 K;nds. I 
I ' I 
.; 
I 1 I 
g beginning. ending. I I'.: 
·i ·i J I l i::i i:S 
Ap~
51
·1 .•.••. •.... . ..... . 10 s ........ l .. .. . .. . 10 ESE ••• 3 .......... 14, SW ..... 1 I I High .. , .•.•••• . 
2 ....... ..... .......... . 4 SVV •••••. 1 Cirr ... 8 N ....... 1 High .... 1 ·s·sv,,::i .. ··3· 
E.. ..... . 2 Middle .. 
J .. . • • . • . •• • . . • . • • • • . • • • . 5 \Y....... 1 Cirr.. .. 7 N.NE.. .. 2 Hi!!h ... · 1 3 
SE. ..... 3 Low .... . ~ 1::::: ::::::: .::::::::::: : ·sw:::::: ... 2. ·::: :::: ~ ·s:: :::::: ... a .. :::::::::: ~ 
6 . ... .. . .. ... .. ......... . , 6 N.NW. . . 2 HighP.r. 7 S. . . ... . 3 .••. .•... . 0 
:,;.. ••.••• 3 Lower. 
7 . . . .. • . . • . • . . • . • • • • . . . . 6 W.SW... 3 Higher. 8 S ..•.••• . 
S .. ····· ·I 3 Lower. 
8 . . • • • . • • • • • • . • • • • • . • • . . . 6 ,y. . . . . . . 2 High . . 5 W • • • . • I 1 I 11, 
o ..•.. ...••• !..... ... .... 10 t :::::: J .~::'~.:: 6 ~w::::: ., 
10 5.15 p.m. .. 6 pm... . .. 9 S . . . . • . . 2 
1
.... .... 6 8. · .••. · I 
11 Thi' i:rcatcrl part of last 10 E.::lE. . .. 3 Fog.... 9 SE ...... I 
nii:ht. 
E! 7nm ...... !J.30n.m ... 10 S. ....... 1 Fo;; .... 10 E .. .... I l I. 
Al-o, la.:.t night. 
13 6 a.m.. ... 9.5 n.m. 10 ,.... ..... . ....•. . ... • •. 9 N .. .•.... I 1 I Rb .. 
2} 
I 
r;,ddle .. 
3 I Low .•.. 
I 
I 
I 
I 
.... , 
~h 
w ...... . 
s ...... . . ' 2 
......... ..... . 
s .. ..... . 2 
· s·.: · .. :::: .... i · 
SE .. ••• ··1 1 I Mia, 
SE.. ..... 52½ I ~· 
H ,. ..... ...•. . .. •••• .... 10 E . •••••• 3 · ••• .... , u I .:,r, • ••••• . , "". , ,:ui;u • ••• , v , .......... , ..... . 
. . SE. ...... . 3 . Low.... . . 
15 .•.•..... . . . ........... 9 S.SE •.••. , 2¼ ·· ····1 , I "'··· ·····1 "' 1··········1 L , ............... . t . . . . . . . . 10 s.. . . . . . . 3 . . . . . . . .. . 6 s.. . . . . . . 2t 
.•. •••. 7 I N.. ...... 2 Hi2b ••• . 7 S ... ..••. ! 2 
· · i Lo-w .•. . I I 
18 , .. ... . ..... I··· ·· ·...... 9 SE· ····· ······I ~Iiddl1 
• 1 SE. ..... Lo. 
., , ..... I 6 
1 1·  .... I 7 
2· ·::: 
J 9 
•w •. 
·die . . 
I OW •••• 
2· I High ..
w  
2 
I igh ... . 
2 , 
] 
2 
• Therm. 53° at 6 a. m. 
Cirr ... . l S.SW*., ..•. 
:::::r :::::: 
"i,;~i: :: 
N ..... 3 
, .. ..... . 
::ir :::: 
Cold & 
dry. 
s.sw .. 
w . ... . SW ... 
SW ... 
SW .. . 
...... , sw .... 
..•... , s .. ... 
. . .... , s ..... . 
2} 
2 
3 
2 
2 
2¼ 
~ 
tr.:! 
""'3 
tr.:! 
0 
~ 
0 
t"4 
0 
~ 
!< 
1:--:> 
0 
>-
Date. 
Rain. 
Time of 
beginning. 
Time of 
en~ing. 
'i= 
::, 
0 
8 
< 
7 A. M. 
Course. 
-i 
£ 
> 
No. !.-Register of Meteorological Qjservations-Continued. 
Kinds. 'i= ::, 
0 
8 
< 
Clouds. 
2P. M. 
i 
I 
Course. I 
0 
~ 
9 P. M. 
I 
i:l I Oou,se. I -i Kinds. ::, 0 0 
8 ~ < 
7 A. M. 
I Kiods. I = .s <) ~ 
iS 
Winds (well defined.) 
.; 
~ 
0 
i:;.. 
2 P. M. 
= 
·i 
i5 
.; 
~ 
0 
... 
9 P. M • 
= j 
----1---- ----1--1----1--1·--- 1--1----1--1----1 --1----1--1---1 ---1--1---,--1---
1857. 
April 19 1, •••• •••••• I•••• •••••••• 
20 I···· •••••• •I···· ....... . 
21 
22 ....................... . 
23 6.20 pm .•. 6.45 pm ... 
24 ...................... . 
25 •••••••••••.•••••••••••. 
26 ....................... . 
27 .••••••••••••••••••••••• 
28 •••••••••••.••••••••••• 
29 ....................... . 
30 6.15 p.m .•• 11 p.m ..••. 
7 
4 
l 
8 
9 
10 
3 
6 
2 
3 
3 
9 
Total .•••. I ............ I ........... I 203 
Mean .•••• \ ............ \ ............ \ 6.7 
w ...... , 2½ 
w....... 2½ 
NW.... 3 
s.. ...... 2 
SE... ... 3 
S.SE..... 2 
w....... 2 
N. ...... 2½ 
SW...... 2 
w....... l 
SW .•••• 2 
s.. ..... 2½ 
s.. ...... 2 
s .. ··•··· 3 
7 
8 
7 
10 
7 
7 
9 
3 
6 
6 
3 
Higher.\ 8 
Lower .••.••. 
.•.• ···· 1220 
.••••• , .•.••••. 7.3 
I 
E ...... . 
w ..... . 
l'l!W .••••. 
,v ..... .. 
s ....... . 
E ..... .. 
s ....... . 
w ..... .. 
s ...... .. 
N . . ..... . 
SSE ..•.. 
N . .... .. 
s ...... . 
s ....... . 
SE .•••.. 
s ...... .. 
NI•! ..... . 
s .. .•.•. : 
s ....... . 
~tation •. 
s ....... . 
1 
3 
2 
2 
2 
2½ 
2 
2 
3 
l 
3 
l 
2½ 
2 
2 
2½ 
l 
2 
2 
3 
E:ligh ••• . 
Middle 
Low .... 
High ••• 
Low .. 
High .•.. 
Low •••. 
8 
10 
0 
2 
0 
3 
0 
0 
10 
105 
. ... •••••.\ 3.5 
s ..•... 
w ..... 
w ..... 
w ... . 
w .... . 
w . .. . 
Is ....... 2 w .... . 
w .... . 
'\-V .... . 
.., 
~ 
0 
r,;.. 
2 
2 
2 
2 
2 
2 
2 
2 
2 
N., 
0 
~ 
t( 
ttj 
1-3 
M 
0 
~ 
0 
t1 
0 
Ci) 
~ 
No. 1.-R.egwer ef .ilftl«>rologiMl Obsert,alion.1-Continued. 
Date. 
Bn.rometer.• I Psychrom1:,ter. 
Thermometer in open air. --i------
II tight. Thermometer attached. W et bulb. Remarks. 
7 A, M, 2 P. M, 9 p, M. I 7 A, M, I 2 p, M. I 9 p, .M, I 7 A, M, 2 p, .M. 9 P. M, Mean. 
Dry bulb. I---------,----
7 A, M. 2 P,M, 9 P, M, 
---·---1---1----·---1--- ---- •---,----1---1----1--------
~, 1857. I o o l\tay l .......... ....................................... . 
2 ......... . .................... · ·•···• · ....... . ..... .. 
3 ......... . ......................................... .. 
~ :::::::::f :::::::::::::::::: :::::::::::::::::::::::: 
i' . .......... . 
t:! 
!l 
10 
)l 
J:! 
13 
14 
15 
16 
17 
l~ )9 
~'() 
21 
~ 
!!3 
2-1 
25 
~ 
27 
2iJ 
~ 
31 
"~:i:~" "2a: ii86" l"23'.ii88" 
.!/50 .958 .974 
.!176 I .9:'>6 .98-1 
.!183 .9i6 2-t.l03 
.!lt-0 .968 \H.006 
2-1.00-I I .!172 2.J.994 
2J.!,t6 . 004 .99-1 
.9o8 .963 .960 
. !l9i .!leO 2-1.012 
:?4 . 0114 .974 24.000 
23 .9iS .!lti8 24.010 
.99J .9iU 24.000 
-~ .9:'4 2:J 986 
. tl96 .!184 24.000 
.996 .9i2 2-1.0U-2 
.9~ . 973 21.00-2 
.%8 .%8 23.984 
.!lcll .%6 I 2-1.011 
2, . • 0:.:2 .9e6 I 24 .o,o 23.9,6 .9i0 23.!)76 
.9o0 .9-H .972 
.960 .!164 . . 974 
-~ .982 21.000 
Tot.ah .... ' 91.&30 
Menn.. ... 23.9c6 
1645 
2:J .97:l 
91.SU 
23.9!!3 
I 23,9$4 
59 ····53'' 
59 63 
59 63 
60 60 
59 60 
~ 61 
58 59 
!,8 63 
58 ti2 
58 60 
58 62 
59 61 
58 61 
59 6il 
59 62 
57 62 
59 62 
57 62 
59 63 
59 64 
57 63 
~ I ~~ 
w 
w 
u 
58 
w 
58 58 
w 
w 
~ 
I 
w 
u 
w 
u 
w 
61 
w 
w 
~ 
u 
00 
~ 
~ 
56 
5!:! 
55 
57 
57 
59 
56 
56 
57 
58 
59 
61 
5t! 
57 
56½ 
56 
57 
57¼ 
58 
58t 
58 
57 
59 
51 
~ 
55¼ 
59 
59 
5t:! 
60 
57 
1785 
57.6 
60 
60 
58 
64 
61 
62 
61 
59 
64 
64½ 
63 
6tl½ 
59½ 
62 
59 
62 
63 
59 
6'J 
61 
6~ 
61½ 
64 
64 
61 
61 
61 
65 
65 
62 
62 
1913 
61 7 
58.9 
~I  
58 
55 
~ 
55 
~ 
u 
u 
~ 
58 58 
~ 
~ 
58 1 58 
56 
w 
58 
58 1 58 ~ 
w 
w 
~ 
~ 
58 
: 1 
55 
1777 
57.3 
_J 
57 3 
58.3 
56 .7 
59. 7 
57.7 
59 .0 
57.3 
57,7 
60.0 
60 .5 
59.7 
59.8 
E8.3 
St!. 7 
57 .5 
58 7 
59.3 
57.5 
[.,9 .7 
59.0 
59.3 
58.8 
60.0 
60.3 
59.5 
58.5 
57. 7 
60. 7 
60.7 
59.0 
58. 0 
1824.9 
58.9 
• Barom~ter at normal height. 
·; 
§ 
C. 
0 
.5 
., 
a 
0 
~ 
-5 
"' d 
e 
~ 
54 
56 
55 
54 
56 
55 
55½ 
56 
56½ 
57 
58 
59 
58 
57 
56 
f6 
56 
56 
57 
58 
57 
57 
58 
56 
57 
55 
5i 
55 
56 
57 
56 
1746 
59 
58 
57 
60 
59 
61 
59 
58 
60 
59½ 
59 
60 
59 
61 
57 
58 
60 
58 
59 
59 
59 
60 
60 
6L 
59t 
5!1 
60 
59 
61 
59 
59 
1837 
56 3 '- 59.3 I 
57.3 
~ 
56 
~ 
M 
M 
~ 
~ 
~ 
58 ~. 
55 
M 
58 
56¼ 
56 
~ 
56¼ 
55 
~ 
56 
~ 
56 
55 
w 
58 
w 
~ 
M 
58 
54½ 
M 
1741.5 
56 .2 
Thunder, faint. 
Thunder, muttering. 
~ 
(11 
1-3 
t'tj 
0 
~ 
0 
~ 
0 
~ 
t,!) 
0 
~ 
Rain, 
Date. 
Time of 
ending. 
Time of 
beginning. 
1857. 
May l I 11.15a.m. 11.40 a. m. 
2 11.30 a. m. 1.10 p. m .. 
2 .15 p. m .. 3 p. m ••••• 
5.5p. m •.. 5.25 p. m .. 
3 6.20 a. m •• 8 .30 a. m . . 
9.::IO a. m •. 3.15 p. m .. 
4 4.50 p. m . . 7.40 p. m .. 
5 2. 10 p. m . . 3.15 p. m .. 
6 1.25 p. m •• 4.10 p. m .. 
7 3.30 a. m •• 7.15 a. m .. 
7.411 p. m .. 9.20 p. m .. 
8 6.40 a. m ... 10.30 a. m. 
9 
··········· ............ 
10 I• •••,••• •• • • I •••••••••••• 
11 1··· .. .. ····1······ ... .. 12 9.45 a. m .. 3.20 p. m .. 
13 7.25a.m .. 8a.m ... .. 
9.30 a. m • . 8 .5 p. m .. . 
14 5.30 a. m .. 5.40 p. m .. 
And greater parLof night. 
15 t!i ~·-:~·j ~\15/·n1t: 
'\ .30 p. m .. 6 p. m ..... 
1.6 \ 9 p. m. ···· \ 9.l5 p. m . . 
C 
;:l 
0 
s 
< 
6 
10 
10 
7 
10 
6 
10 
10 
10 
9 
10 
10 
10 
10 
10 
No. !. -Register of JJfet,eorologwal Observations-Continued. 
7 A. !II. 
Course. I 
w.sw. 
SW .•.•. 
s ....•... 
E ....... 
E ..... .. 
SW . .. .. 
s ....... . 
SE ..... . 
E ..... .. 
s ....... . 
E ....... 
-i 
.s: 
t 
2 
2 
2½ 
2½ 
2 
1 
1 
2½ 
2 
2½ 
2 
Kinds. 
Cirr .•. 
Fog .... 
Low •. 
Fog ••• 
Low .. 
Fog .. · 
S. and E . 
s ...... . 
S.::lE •••• 
2} I Fog ... 2.!. 
2½ Fog . .. 
3 
s .... .... l 2½ E.. ...... I 
s .... .... 2 
s.... ... 3 
Fog .•. 
Cirr .•. 
Fog ... 
Fog .•. 
Fog ... 
\ \ 
Fog . . . , 
·········· ..... . 
C 
;:l 
0 
E 
< 
10 
9 
n 
9 
10 
10 
10 
10 
7 
9 
10 
10 
10 
10 
C louds. 
2 P. M. 
I Cou,,e 
s ...... .. 
s ...... . 
E ...••.. . 
s ...... .. 
s .. ..... . 
8E ..... . 
s .. ..... . 
SE •••••. 
E .....••. 
S. and E. 
s ....... . 
s ... ... . . 
::5.SE .... . 
8E ..... . 
S.8E .. . . 
E .. . ..•. . 
s ....... . 
E ..... . 
s .... .. . 
S .SE .. .. 
E ..•..• . . 
s . .... .. 
.5 
0 
t 
2½ 
2 
2 
2 
2½ 
2½ 
2 
2 
2½ 
2½ 
3 
2½ 
3 
2½ 
2 
2.!. 
2· 
2 
2 
2 
2½ 
2½ 
2¼ 
I Kinds. 
Low .... 
Low ... 
Low . . •. . 
Low .... 
l,(}W • ••. 
Fug .. ... . 
Fog ..... 
Fog· ··· · 
a 
0 
s 
<: 
5 
10 
5 
10 
8 
9 
10 
10 
9 
5 
10 
10 
10 
10 
10 
9 P . M. 
I c"""·· t 0 ~ 
s ..... ... I 2 
s ........ 
s ........ I 2½ 
········· 
S.SE •••• I 3 
SE .••... 2} 
s ....... 2 
I Kinds. 
7 A. M. 
s:; 
.s 
~ 
i:i 
NE • . . 
NE ... . 
Cold .. . 
Mist ••. / NE ..• . 
N.&NE 
Fog . • •. 
NE •••. 
Winds (well defined.) 
i 
0 
"'" 
)! P. III. 9 P. M. 
C 
·j 
A 
. I .g I . a, "' a, ~ -~ ~ 
i;., A r.., 
-------
w . .... 2 
l\"E ... . 2½ 
NE . ... 2} , •••••••• 
SW .. . 
NE .•• . 
NE ... . ,-v ..... 2 
' · · ····1··-- .... i' •••••• 
N) 
0 
~ 
~ 
~ 
..., 
~ 
0 
~ 
0 
~ 
0 
• O 
:-<I 
., 5 . :?5 p. ni.. 5.4? p. 111. . .. • • • • !::-SE ... . 
lo 9.-1511.111 .. l030a. m . 9 .1::. .. .. . 
-· 
3 
l 
1, , 3.5 p. m ... , 3.10 p. m .. lJO I !_:; SE ... ·1 
11.:ltln.m ., ll?.IOp , ui. 
1. 20 p. m . . 4.15 p. m ... 
19 , .... • ••• ••• . .. .. . . ••• • •. 5 s. ....... 2J 
'.20 J..J0a.m .. 6.l0a.m.. 9 , SE...... 2 
21 , .. . ... ••••·· . .. .... .. .. . 
;.?;1 . 6.40 a. m .. 8.20 a. m . . 
1.25 p. Ill .. 1.50 p. Ill •. 
3.5 p. m ••. 3.25 p. m .. 
23 , 4.40 p. m . . 
1
5.30 p. m • . 
24 6.10 p. m .. 6 .35 p. m .. 
25 
9 
10 
10 
8 
7.45 p. m .. 8.30 p. 111 •• 
!Ip. 111. ... . 9.30 p. m • . 
ll.40a.m. l.50p. m .. 
2 . )0 p. lll. •. 13 35 p. DI • . 
8.30 p. m .. 9 p. m . ••• . 
26 l 5.30n.m .. 6.20n.m . . , 10 
9.1011.111 .. 12.40p.m. 
l'.2 .55 p m .. 3.40 p. 111 •• 27 6 
5.30 p. m . . 1 8 . 10 p. 111.. 
2S , 2. 30 p. m .. I 8.50 p m . 
29 
9.10 p. 111. 1 t0.5 p. m • . 
E.SE .. .. 
\V ..... .. 
8 .... ... . 
S.SE .. .. 
SE ...... 
S.SE .. .. 
SE . ..... . 
2 
1 
2 
2½ 
9½ 
2 
SSE.... 2i 
E.. . . ... . 2 30 12 p, Ill.•• . . I 2.25 P• OJ • .I 2 S. ,., •• •• ] 
2.so ,,. m. ·I 3.45 p. Ill • 
31 3.:l0p.m .. , 4.lllp.m .. IO SE ...... 2 
·l.50 p. m .. · 5.45 p. m .. 
Menn ... 1..... . .. .. .. ...... ..... 257 .. . . .. ...... .. . 
Total ... 
1 
.... .. . . .... 
1 
....... ... . . 1s:a-, .. .. .... .. 
9 IE.SE ... . 
10 SE ... .. . 
9 1 SE .. . .. . 8 S ... ... . 
E.SE . . . 
JO s .... .. . . 
10 S .8E .. .. 
Cirr . .. I 9 I SE . .... . 
10 I S.SE .. .. E ...... . 
10 SE ..... . 
10 IS.SE •.. . 
10 
8 
6 
10 
.. .... .. ,_9 
.... .. .. 288 
S .SE .. .. . 
E . ..... . 
s ...... .. 
E.SE .. . . 
s ... .. . . 
s ....... . 
........ ,~ ... ....... . 
3 
2 
2 
2 
2½ 
2 
2½ 
2 
2½ 
2 
2½ 
2½ 
2 
2 
2 
2 
2 
8 
7 
8 
6 
10 
JU 
6 
9 
9 I S.SE .... 
10 
5 
9 
10 
. .. • ..... . 1 140 
...... . .. . 45 , ......... . 
Fog , . . , . . . . .. . . 
2 
Fog ..• . , •••• •••· 
s .. ... 
w ..... 1 2 
w ..... , 2 
w ..... 1 
~ 
t_tj 
~ 
t_tj 
0 
~ 
0 
t"4 
0 
0 
~ 
~ 
0 
Ql 
May 10 
11 
12 
13 
14 
15 
16 
Mean .• 
May 10 
11 
12 
13 
14 
15 
16 
Mean ... 
HALF-HOURLY BAROMETRIC.AL OBSERVATIONS-for seven days,from May 10, 1857, to Atay 16, inclusive. 
6j-A, M, I 
Th. 
23.978 59 
.!!64 59 
,969 60 
.973 59 
.996 58 
.976 58 
.970 57 
7 A. M. 
23.980 
.976 
.9o3 
.980 
24.004 
23.986 
.988 
Th. 
59 
59 
60 
59 
58 
58 
57 
7½ A, M. 
Th. 
23,qs2 5!! 
.978 59 
.992 61 
.984 59 
24.006 58 
23.992 58 
.992 57 
I 8A. M. 8½ A. M. 
Th Th. 
23.983 .~9 23.986 59 
.983 59 .988 59 
21 .004 6l 24.010 61 
23.988 :,9 23.992 59 
24,008 58 *24 .018 5l:! 
23.!J96 57 24,000 57 
.996 57 24.000 57 
9A.M. I 9½ A. M. lOA.M. I 10½ A. M. 11 A. M. 
Th Th. Th. Th. Th. 
23.995 60 23.997 6l 24,000 61 *24 .001 62 24·,000 6:J 
.992 60 ,994 60 j:3 , 994 60 *23 996 60 23.992 61 
24.012 62 24.016 62 *24.016 6l *24.Ul6 61 24.010 60 
23.9!!8 59 24.000 59 *24.004 59 24,002 59 23.998 59 
*24.018 58 *24.018 58 24.012 59 24.012 59 24.005 59 
*24.009 57 24.R04 57 24 008 57 24.003 57 24.000 57 
24.002 58 24.006 58 *24.0U8 58 24.004 59 24.004 60 
23.975 1 ...... 123.985 1 ...... 123,989 , ...... 23 . 994 I ...... I 23. 999 , ..... · 24.004 I ...... I 24.005 I ...... I ~24.006 I ...... I 24.005 1 .••••. i 24.001 .... 
HALF-HOURLY BAROMETRICAL OBSERVATIONS-Continued. 
11½ A. M. 12 M. 12½ P, M. lP. M, I l½ P. M. 2P.M. 2½ P, M. 3P.M. 3½P. M. 4P. M. 
Th. Th. Th. Th. Th. Th. Th. Th. Th. Th. 
24,000 63 23.990 63 23.985 63 23 .974 63 23.962 63 23.958 63 23 .953 63 23.944 64 23.940 64 23.938 64 
23.!188 61 .982 61 ,978 62 .968 62 .960 62 ,956 63 .948 6::J .946 63 .940 62 .934 62 
24.004 60 24.000 60 .992 60 .9t!4 60 .981 60 .976 60 .976 60 .968 60 .961 62 .956 60 
23.996 59 23.9!!3 59 .988 60 .984 60 .972 60 .968 60 .964 60 .962 60 .960 60 * .936 60 
24.0~8 59 24.002 59 .994 59 ,!Jtl.5 60 ,98'.l 60 .9i'2 61 .968 61 .965 61 .960 61 ,9j8 61 
24.000 58 23.998 58 .990 59 .983 59 .977 59 .964 59 .956 60 .955 59 .948 59 .946 59 
23 998 60 .990 60 .906 60 .980 61 .975 63 .!J63 63 .958 63 .948 62 .947 62 * ,!J40 62 
--- ----
.... f 23.!l80 . ..... \ 
--- ---- --- --- ---- ----1 2j.999 ...... 23. 994 ...... 23 .988 23.973 .. ... 23.965 
····· 
23.960 ...... 23.955 ..... 23.951 ...... 23.947 
1 
.... 
The numbers marked thus * arc the maximums and the minimums of the d11.y. 
N) 
C, 
~ 
t!:: 
t,r:j 
1-3 
t,r:j 
0 
~ 
0 
t"' 
0 
0 
~ 
4t P.M. 5 p, l\f. 
Mny 10 *".:?3.93i 
Jl .•. 93'2 
12 •. 953 
13 *.956 
14 • 9;,8 
15 • .9-15 
16 *.9.JO 
Hean.. *23.9-16 
Th. 
64 
62 
60 
60 
60 
59 
62 
23.937 
.931:S 
.9'\6 
•.9J6 
*.958 
.956 
.942 
...... I 23.949 
Th. 
63 
6:! 
60 
60 
60 
59 
61 
HALF-HOURLY BA.ROltETRICA.L OBSERVATIONS-Continued. 
5j, P. l\1. 6P.M. I 6t P . M. I 7 P. M. I 7t P. M. I 8 P. M. I 8t P. M. I 9 P. M. I Amplitude. 
Th. 
23.939 62 
.!142 62 
.960 59 
* .956 60 
.959 60 
.960 5l:l 
.944 60 
23 .9.Jl I .... , , 
23.941 
.9-44 
.963 
.!160 
.964 
.961 
.948 
Th. 
61 
6:! 
59 
60 
59 
58 
60 
23:~ti I 
.970 
.966 
.968 
.965 
.952 
Th. 
61 
61 
59 
60 
59 
58 
59 
23,946 
.956 
,974 
.978 
.980 
.974 
.958 
Th. 
61 
60 
58 
60 
59 
58 
59 
23 .951 
. 96-4 
.980 
.988 
.982 
.9b0 
.960 
Th. 
61 
60 
58 
59 
59 
58 
60 
23 .960 
.9i8 
.988 
.9Y:J 
.986 
.982 
.!J74 
Th. 
6l 
60 
58 
59 
58 
58 
60 
23.96tl 
.983 
.996 
24.004 
23.990 
.992 
.!184 
::23.951 1 ...... 1 23 .959 ...... , 23.967 1 ...... 123.973 1 ...... 1 23.980 1 ..... 1 23.988 
I 
The numbers marked thus* are tbe maximums and the minimums of the day. 
Th. 
6( 
:'i9 
59 
59 
58 
58 
60 
Th. 
23.974 60 
.9:34 59 
'24,003 58 
24 .006 59 
23 .994 58 
23.!IY4 58 
.988 60 
23,99-2 I .,,., 
.064 
.C64 
.06:l 
.048 
.060 
.064 
.068 
.061 
~ 
tai;j 
""3 
t.rl 
C 
~ 
0 
t"-4 
0 
C 
~ 
~ 
0 
~ 
No. 2b. 
IIalj-hourly barometrical observations, made to find out the amount of amplitude and the precise hour al which the maximums and minimums talce place, during·daytime, between 
9 a. m. and 5 p. m. 
9 A. M, 
Date, 
Barom. Th. 
-----
1857, 
\fay 17 ....... .... ... 24.012 60 
JS •••• •••• •••••. 24.026 60 
)9 •••••••••.•••. 24.012 59 
20 ••••....•••••. 24,018 59 
21 ••••••.••.•••• 24.020 59 
22 .••••.•. •·•·· · 2-i.022 58 
2:l ••••••••••••• • 24 021 60 
24 •••••••••••.. . 24.008 58 
25 ............. *24. 022 60 
26 ••••.••••••••. 24,010 59 
27 ..••••••••..•. 24.031 62 
28 ... .... ...... Barom eter 
29 •••••••••••••. *2:3,992 60 
30 ••••••.•• ••••· 23. 994 65 
31 •••••••••.•.. 24 O~I 58 
June 1. ••...•.•..... 2.J.030 59 
2 ...... ••••••· · 23.990 60 3 •••••••••••••. 23 976 59 
4 ••••••••••.... 24.026 60 
5 ............. . 24,015 60 
6 ••••••.•.•••. 23 .!J96 57 
7 •••••••••••••• 23.99Y 58 
8 .............. 24.012 57 
9 •••••• " •••••• 23.Y78 57 
9½ A. M, 
I 
10 A, M, 
I 
10;\- A, M, ]l A, Mi 3 P, M, 
Barom. 
---
24.0l3 
*24. 0:1fi 
*24.020 
24.020 
24.02-2 
24.024 
24.021 
24.018 
24.017 
24.012 
24.038 
absent fr 
23.!!90 
23.996 
24 024 
*24.036 
23.996 
,988 
24,027 
24.016 
23.998 
24,088 
24.012 
23.981 
Th. Barom. Th. Barom. Th. Barom. Th. Barom. Th, 
------- ----
-- ----- --- --
60 24.015 60 *24.016 60 24.015 60 23.965 62 
60 24.033 60 24,0:-10 60 24.022 60 .960 61 
60 24.018 60 24.016 f\O 24 010 60 .956 62 
59 24.022 60 *24 .024 61 24 023 fil .956 6l 
59 24.023 60 *24.026 60 24,024 60 .968 6! 
59 *24.028 59 24.027 60 24.027 61 .965 61 
60 *24.022 60 24,018 60 24.016 61 .9fil 62 
59 24.018 60 24.019 60 *24.020 61 .952 63 
60 24.016 61 24.012 62 24.010 62 ,964 62 
59 24.018 59 *24.022 59 24.017 59 ,966 62 
62 *24.040 63 24.038 63 24.032 63 .9tl0 62 
om h OffiP., ••• , ..... .......... 
····· 
......... ..... .960 63 
60 23.998 61 23.986 62 23 .984 63 .922 63 
6l 23.998 61 *24 .003 62 24 .002 64 .954 62 
59 24.024 60 *24.030 60 *24.030 60 .964 63 
59 24.034 59 24.0;J2 59 24.031 61 .964 64 
60 *23.998 60 23.!l92 60 23.991 60 .942 64 
60 --23.992 61 ,987 62 ,984 63 .955 63 
59 *24.028 59 24.0-23 60 24.023 60 .96~ 64 
6l *24.020 61 24.019 61 24.012 62 .9'i3 64 
57 *24 .000 57 23.999 58 23,996 57 .945 58 
59 *24.010 59 24,009 59 24.009 60 .948 60 · 
57 *24.014 58 24.014 59 24.012 59 .957 62 
58 23.981 58 *23.982 60 23.981 59 .943 62 
Eighth of June has its minimum at 5½ P, M,, with •.••••••••••..•••• 
Ninth of June has its minimum at 6 P, M., with .•••••••..••.••••• 
3½ P, M, 4 l', ~I. 
Barom. Th. Barom. Th. 
--- ----- --
23.960 
.957 
.952 
.955 
.962 
.962 
.959 
*.957 
.956 
.961 
,976 
.956 
.91 9 
*.9.J5 
* .960 
.959 
.939 
.947 
.966 
.948 
.940 
.945 
.954 
.941 
Barom. 
*.946 
*.938 
61 
60 
6-J 
61 
62 
61 
62 
63 
61 
63 
61 
63 
63 
60 
63 
63 
63 
63 
64 
64 
57 
60 
62 
62 
23.958 
.957 
.950 
.952 
.960 
.958 
*.956 
.956 
,952 
.960 
* .969 
.954 
*.914 
.947 
.960 
*. 956 
.936 
.946 
*.958 
* .!J47 
Ther. 
59 
58 
,939 
944 
.952 
.940 
61 
60 
62 
62 
62 
6l 
62 
63 
61 
63 
61 
62 
63 
61 
62 
62 
63 
63 
63 
64 
57 
60 I 
61 I 61 
The numbers marked thus* are the maximums and minimums of the day, 
4½ P, M, 
Barom. Th. 
---
--
*23.956 61 
.957 ·59 
*.9.J8 61 
*.950 6l 
* .958 6l 
*,956 61 
.959 62 
.958 63 
.952 61 
*.959 63 
.1170 ol 
.948 61 
.916 62 
.948 6L 
.962 62 
*.956 62 
.933 62 
* .944 63 
.962 63 
.948 63 
* .935 57 
*.942 flO 
.947 60 
.939 61 
5 P. M, 
Barom. Tb. 
--- --
23.957 61 
*.956 59 
.94tl 60 
.951 61 
.960 61 
*.956 61 
.958 62 
.958 63 
*.948 61 
.960 63 
.980 6l 
* .946 61 
.919 62 
23.950 61 
23.974 61 
.958 62 
*.932 62 
.948 63 
,962 63 
.950 62 
.936 57 
*.942 60 
.947 60 
.938 60 
0) 
'"d 
E 
:g_ 
8 
< 
--
.06 
.0i 
,Oi 
.0'i 
.06 
.07 
.06 
.06 
.Oi 
.GE 
.Oi 
.Oi 
,0;: 
.Oi 
.OE 
.oe 
.04 
.O'i 
07 
.06 
,06 
.06 
.04 
0 
9 
2 
4 
8 
2 
6 
4 
4 
3 
l 
8 
8 
0 
0 
6 
8 
(I 
3 
5 
8 
t..:> 
0 
00 
ts.: 
t_,ej 
8 
t_,ej 
0 
~ 
0 
~ 
<2 
"4.< 
~ 
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Occurrence of rain during the d~ff erent time qf day, recapitulated from 
table No. 6 e and 6 f. 
A. M. M. P.U. 
. 
--. Total. 
6 7 8 9 10 11 12 1 2 3 4 5 6 
--
1856. h. h. h. h. h. h. h. h. h. h. h. h. h. 
JulY----·---------· ·- -- ly62 2 3 3 3/.z 4f'l 4/2 8 8 5 2/2 45 August _____________ 
.. -- .. ----
1 2-f.1 3 2/)J, 3/!! 4J°2 8/:2 7 ()2 7/2 3l.2 44 September__ . ______ . 
~ --- lfz l/2 /2 ---- 2/2 6jil 5-f!'i. 6 8 5'J.62 3/2 40/!! October ____________ 
--- ~ ... - - - ... -- l/2 2/'1}, 3/2 5/'§, 4tl'§. 5/"1, 5/!l, 6f2 8/,i 44 November __________ 
.. --- /2 1 1 -h /2 3f.z 9n 8~ 6/2 3f2 3 36i2 December __________ 
.. -.... 
- --- 1/:l lf}J 2/i! 2 4/2 l0/2 i2n 7/2 5 02 6f.i 52H 
1857. January ____________ 
.. ---
1 1 1 1 2/2 3 3/2 3/ri 3,.,'2,.i 3r\i 2/2 25/:2 
February ____ . __ •• _. 
- .. -- -h 1 2h 2f½ 4J°'! 8~ 10/2 8/:i 8/~ 6f:B 5 58/!J 
- - -- - ---- - - - - - - --Total ________ 
--- ... 
4,{\ 8/l! 13/2 15/1! 22/il 38fh 52H 59:l!I 54{1z 43/2 34 & 348h 
- - - - - - -- - - - -- - --
h. ,n, h m. h. m.h. m . h. m. h. m. h. m. h. m. 
"· m. h,. m. h,. ,n.. h. m. h. m. Mean _ ••• __ . _ 
.. -- -
0 32 1 5 1 42 1 5412 49 4 50 6 37 7 27 6 48 5 274: 17 43 31 
I 
- - --
--
March __ ••• _ • ______ 1 1 J) /2 
----1 lz 32 lt;i 1 'f2 '.(2 i'.i. GH l.2 April • _ •• __________ 1 2 2 i2 ____ , ____ -l',l 'f2 6 May ____ • _________ . 4f2 61.& 3fj 5& 7 17 7/'1. 8-fil 1012 9 4D 7 81 
14 8 
No. 4 ~0:M-8'! ef clouds. 
Month. E. E.SE. SE. SSE. s. s.sw. I SW. I w.sw.1 w. IW,NW.I NW. IN.NW . N. N.NE. I NE. I E.NE, 
1---1---1---1------ 1---1---1---1---1---1---1---1---1---1---1--------
1856. 
November .••.••••• 
December ........ 
ls.57. 
January ........... . 
February .••••..•.. 
March ........... . 
13 
21 
6 
11 
14 
1 April .. ,, ......... . 
. , I 4 May .................... .. 
5 
11 
4 
6 11 
1 4 
2 8 
6 11 
..... :r. 3 
5 
.... 1r··r 
1 
5 
.... ·4" 
12 
2 
6 
9 
12 
1 
36 
1 
27 
3 
........ ,::::L, ..... i .. 
6 
1 
. .. I 1 
1 
2 
4 
5 
6 
1 
3 
1 
2 
2 
15 
6 
16 
11 
7 
l 1 ..... 9 .. 
10 
I 
l 
1 
l--- l---f---/---1---1---1---1---1---1---,---,---,---,---,---,---
Total •...•••••. 86 22 59 25 101 
293 
Month. 
1856. 
June ............................... . 
July .............................. . 
August ...•••••••••••• ..••.••.. .•••. 
September ••••••.••••••••..•.••••.. 
October .•••.•••• , ••••• . .•.. , ••••••. 
November ..•.••••.••••.••.•..•••... 
December . •.•.. _- _ •..•• , ••••••.•.• ,. 
1857. 
January ........................... . 
February, ••••.•..••••••.• , • . .••••• . 
?lfarc-h ............................. . 
April .••••••.•••••.••••••••••••.•••. 
May ............................. .. 
11 2 HI 7 3 55 
Number of days on which the sky was-
Free from clouds. 
7 A,M, 
0 
2 
3 
0 
1 
4 
8 
12 
4 
4 
0 
0 
2 p, bl, 
0 
l 
0 
0 
0 
0 
0 
u 
0 
0 
0 
0 
9 P, M, 
2 
0 
5 
0 
3 
14 
17 
22 
!J 
8 
7 
1 
Entirely overcast. 
7 A,M, 2P. M, 9 P, M, 
7 7 7 
9 11 6 
7 12 9 
10 10 7 
3 9 9 
4 16 3 
5 14 2 
3 7 0 
4 13 3 
9 )4 4 
7 4 3 
16 18 13 
"' ~ 
,:J 
;,.,. 
C: 
"@ 
'c 
0 
z 
12 
21 
26 
22 
20 
2 l 
21 
10 
~o 
9 
6 
25 
T o tal .••••.•..•••.•...••.••... \ 38 I l I 88 I 84 I 135 ~ I 213 
18 3 
High. 
Lower and lowcrmoet. 
Hi;..h. 
Lower. 
Lowermost. 
t,:) 
..... 
0 
~ 
trj 
>-3 
trj 
0 
t:d 
0 
t" 
0 
~ 
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No. 5. 
O~ on the matwn of strata qf cloudt1 of different hei.ghts at Colonia 1bvar. 
7 .... 111. 9A. M, 12 M, 3 P, M, 6 P, M, 
"'"· = ! Di,ectioa.l j Oi,ec<ion, ! Di,,,tlo,. j :::_~--i---------
1&7. 
Apl. 3 W • • • • • • W.SW... ¼ .. • • .. • • • • • • • . .. .. • • • • • • .. .. W. W .. 
.... .. ... .... .... ..•••• .... N.NE.... 21 N.NE... 2 N.NI!:.... 2 
. . . . . . . . • . . . • . Station . . . . . . E . . . . . . . 2 SE....... 3 . . . . . . • • • . . ... 
4 .•.•••••• , .•• . ...••.•••.....••••••......•••..•....... Station ...•.. 
.......... .... ...... .... .... NW..... 2 .............. S~ ...... 2 
.... ...... ... . .... ...... .... tlE...... 3 .............. SW...... 3 
5 ........................... w.sw ... 2 ........................ . .. 
:::::::::: :::: :::::::::: ·::: ·s::·.::::· 3 ·et:::::: .. 3. :::::::::: :::: 
6 
·N.i-i"i ... 2 .~::::::: .. ~ ~ f&·r:l:: i ·sw::::: ··~· :::::::::: :::· 
S........ :I N.. ...... 3 S.SW, . .. 3 S... ..... :J ............ .. 
1 
~.sw:: ~ :::::::.:: :::. ·;,-.::::::: .. 2. ·i.i::.::::: ··i· :::::::::: :::: 
S. .. .... 3 .............. SW..... 2 S.. ...... 2i S.. .... .. 2! 
8 ·w::::::: "2· ..................................................... .. 
s.sw... a ·s::·.::::: ··3· ·sw·.: :::: .. 2. ·a:::::::: .. 2. 'ii.::::::: .. 2. 
9 
........................... ••• •• ••• ... ·a::· .. :::· .. 3. ·::::::::: :::: 
·ec::::: .. 3. ·a:::::::: "a" ·s:::::::: .. 3. sE. ..... a s.. ...... 2 
10 
:::::::::: :.:: w·:::::: .. 2* .::::::::. ::: . ·a·::::::: ··2 ·s::-.::::: .. 2. 
S. ...... 2 B. ...... 3 S. ...... 2 S........ 2 E........ 3 
11 ............. . 
12 
·i:·i::::::: .. i. ·s:::::::: .. i. roii,ii.\~;d "a· ·isE:::: ··2i ·:ii.sE:::: .. 3. 
1a ·::::::::: :::: : ::::::::: :::: ·::::::::: ::: .N.' &·~i .. i. :::::::::: :::: 
l4 ............. Fog .......... Fog, E... 24, S0 ...... 2J. ·r,iw"'" l 
·sE:::::: "2· ·s:::::::: "2' ·E,i:::::: "2· ·aii:::::: 2 sm.:.:::: 2 
E. .. .... 3 E. .. •••. 3 8£.. .... 3 S.. .... . . 2 S........ 3 
N.NW ... 1 
15 .. .. • • .. . . . . .. W....... 2 NW. . • .. 2i .......................... .. 
.. . • . . . . . . . .. S........ 2 SE .. . . .. 2i 8.. .. .. .. 2 B........ 2t 
.. . • • • • • 2 E. . .. .. • 2¼ S.SE.... 3 B.. . .. . .. 2 ::3.. • • • • .. 2j 
16 
: ::::::::· : ::: ·:: ... : .. : .. : . .. :sw:::: .. 2. ·s:::.:::: "2• :::::.:::: ::: : 
s ....... : 2 s.: ::.::. ··2, s.... .... 3 s.. ...... 3 s.. ...... 2i 
11 
· • • • • • .. .. · .. · ~-.:::::: ~· · w : : : : : : .. 2t .. w·:.:::: .. 2 · : : : : : : : : : : : : : : 
·a·::::::: "2· SE....... 21 S. ...... 2! E ...... 1 ' E.. .... 3 
18 
·sit::::: ··2· ::::·.::::: :.:: sir.::::: ··~· .~.~::::: .. ~. :::::::::: :::: 
19 .~~::::: ... ~ . . ~-~:::::: .. ~ ~~::::: .. ~~ .~ ... ~.~::: ·-~~ i,:::::: ~ 
: :::::: ~I.~:::::::: .. ~. t.:::::: :::: ::: :::: i ·a:::.:::: .. 21 
!lei NW ... ... 3 .. ...................... .... .......... ..... ........... .. 
. ..... .... .... W.NW.. 2 NW..... 2! N\V..... 2J ............ .. 
: :/? \ f/i \ LL -:t: }:L J:1
1
\Hi E 
. . . . • • • • 2 s.. . .. . . . 2 s.. .. . . . . 2i I:!.. • • • • • 2i fl,~ .. .. .. ~ 
...... .... .... .......... .... .......... .. . .......... .... I E ...... a 
Cir. and very higb clouds • 
Mid . stra. 7 ,500-9,000 h. 
Low. strn. 7,000-7,500 h. 
lligh . 
Middle • 
Lower. 
lligh. 
Middle, 
Lower. 
High. 
Middle. 
Lower. 
High. 
Middle. 
Lower. 
High. 
Middle. 
Lower. 
Jligh. 
Middle. 
LOWC'r. 
1Ii1,1h. 
Middl. 
Lower. 
lligh. 
Middle, 
Lower. 
Ilii:h. 
Middle. 
Lower. 
lligh. 
Middle. 
Lower. 
High. 
Middle• 
Lower. 
High. 
Middle. 
Low r. 
llil(h. 
Middle. 
Lower. 
lli1,1h. 
Middle. 
Lowt'r. 
High. 
Midtlh'. 
Lower. 
ll!l(h. 
Mid11le. 
Lower. 
Tl11(h, 
Jlddl • • 
Low•r. 
llii.th, 
Mlddl. 
I,ower. 
fllf{h. 
Middl • 
Low r . 
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No. 5-Continued. 
r-
E. E,SE. SE. s .sE. s. s.sw. SW. w .sw w. W.NW NW. N.NW N. N,NE NE. E,NE. 
-----,-- - --- - --- ----- - ---
----
Hil!h clouds • .. • .. .. . . .. • .. . .. .. .. .. .. 1 .. • • .. .. • . 3 6 1 4 . • • • .. a 
Middle clouds..... 1 .. • • . . 8 .. • • . . 19 1 4 1 6 1 3 1 4 " .. 3' .. ...... .. 
Lower clouds ..... 10 5 11 1 38 2 3 .. ••• . 1 .. .. . 1 ...... 3 ..... :::: ::: ::: 
11 5 ] 9 1 58 3 7 4 13 2 8 1 10 -3 = = 
From this we see that during the tim e from April 3 to April 22-
The E. and E.SE. current s have been chiefl y in no other but th e lower strata. 
The SE., s., and .:l W. currents have been chiefly in no other but th e lower and middle strata. 
The W., W.SW., and N. W. currents have been chiefly in no other but th e u7,per and middle strata. 
The N. current has been in all three strata, th e upper, middle, a nd lower strata. 
Or expre~sed in another manner-
In the 11pper region occur chiefly W ., NW., W.SW., N. 
In tile middle region occur chiefly S., SE., W., SW., N., NW., N.NE. 
In the lower region occur chiefly s., SE., E., E.SE. 
CoLONIA TovAR, VENEZUELA, June 11, 1857. 
DEAR SIR: Your kind letter of March 5, was received by me in due 
time, and a little box with eight pounds of mercury, for which I 
thank you very much, came to hand somewhat later, on the 3d of May. 
Soon after the receipt of the mercury I went to work to fill t_he 
barometer tube according to your directions; but with every new trial 
I found that the mercury foll more and more below its standard 
height, although I was certain there could be no air above it. At 
first I could assign no cause for this failure; but the fact that I w~s 
losing regularly at every new trial suggested to me the idea, that m 
handling the mercury the latter might have taken moisture _fr?m the 
atmosphere. Accordingly, I placed the barometer tu be contamrn~ ~he 
mercury and a Torricellian vacuum in a nearly horizontal position 
cautiously over a brisk charcoal fire, and in this way heated th1 mercury for some time, until no more bubbles were disengaged .. 
was hereby especially struck with the O'reat quantity of escaprng 
moisture, and never thought that merClfry could hav~ ta~en ur so 
much from the atmosphere during the short period reqmred for_fill i~g 
the 1iube. Can this property be due to the nitric acid, with which t_ e 
mercury may have been purified, and which is known to absorb m?18• 
ture from the air? Thus, by boiling and at the same time maktn1 
use of your directions, I succeeded perfectly well in bringing the ire 
of the mercury up to its standard value. In such a damp atmosp ere 
as this the boiling of the mercury seems to be indispensable. tb 
I have now the pleasure to say that since the 9th of May le 
b ' · when arometer may be considered to be as correct and precise as 
first received it. . I 
In a separate envelope accompanying my present communicat1?0 ' 
have _the pleasure of sending you besides the meteorological re~1/\ 
for .81~ mon~hs, a short essay on the cause of the dailr peri°s lCa 
vanations of the barometer, and a number of tables and diagra ru · 
METEOROLOGY. 213 
Tables No. 2 a and 2 b contain half-hourly observations on the 
daily periodical variation of the barometer for 31 days, made with a 
view to determine the precise time of maximums and minimums and 
the amount of daily amplitude. With regard to the latter, if we take 
the mean of every six days in succession, beginning with the 10th of 
May, we get the following mean amplitudes: .060, .070, .068, .OG6, 
.OG4; showing a gradual rise aoJ fall in the numbers. The greatest 
mean amplitude is for the period from 16th to 21st May, so that even 
the e additional numbers are still in accordance with the view taken 
with regard to the amount of amplitude for the different periods of 
the year, alluded to in my last letter. All the half.hourly ob erva-
tions up to June 9, inclusive, hitherto made by me on the subject of 
periodical variation, which are for 56 days, prove for the occurrence of 
the a. m. maximum, the average time to be at 10h. l0}m. a. m., and for 
the p. m. minimum 4h. 3 l¼m. p. m., which seems to agr~e pretty well 
with the time of daily maximums and minimums found in other parts 
of the globe. 
Table No. 3 is to exhibit the number of hours of rain during the 
cli~ rent times of the day for each month from July, 1856, to May, 
1857, recapitulated from tables No. 6 e and.f. The v rticn.l di tance 
of the curve a b c from the base a d gives us the mean value of dura-
ti n of rain for any given time of the clay between 6 a. m. and p. m. 
'11 l1is curve is the expression of the mean for eight months from July, 
1856, to February, 1857, and is laid down according to the mean 
nnmbers directly above it. It demonstrates very plainly that in the 
morning between 6 and 7 there was no rain; but with the advance 
of the day the rain augmented and reached its maximum between 2 
and 3 p. m., whence it gradually abated towards evening. During 
t.he night it very seldom rains. Mr. Boussingault's observations, 
which he made in another part of South .America near Marmato, prove 
that a.t that place more rain fell at night than during the day; and he 
. n.ys, in his Rural Economy, "every one in outh America allows that 
1~ rains principally during the night." Now this is in direct opp si-
t10n with my observations here, and it shows, therefore, th t a certain 
.ta~e f the weather, especially with regard to rain, m y sometimes be 
hm1tc<l to small districts only. 
Prom table No. 3 we al o see that the m nth f February, which 
i commonly considered to be one f the dry t of the ~· ar, and pro-
p •rly belonging to the very centre of the dry sea, n, hu.s Leen tho 
wutte t month of the year, with the exception of .May. The uryest 
months were March and April. 
Uy a glance at the tables o. 6 a to /, we ma.y have n. r ady 
Rurv y ov r the dry and wet m nths f the y r aucl th cliHtribution 
of rain in general. Here we fin that the limit of the clry u.nd the 
rait1y Rea ans are not very di tinct, and from fay, l ; -1-, ill th ond 
of 1 ;5, a period f 20 months, we fin1l no well cl fine <lry a n, 
the month of :February, 1 ~5, being the dry st. But with w ear's 
n, y, 1 "'6, there commenc a dry ca on ;vhich la ts fir fiv m nth , 
the l n re tan drye t the c 1 ni ·t cv r enj y '. And it w i this 
cxtru.ordin ry dry period that the loo ~ layer f half cornpooed vege-
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table matter, of which I spoke in my last letter, got to be dry enou11h 
to take fire. 0 
The dry season of the present year we recognize only in the months 
of March and April and a part of January. From inquiry, I learn 
that well defined dry seasons have also been rather rare previous to 
my stay in the colony. 
Table No. 4 gives the course of the clouds for seven months. The 
most numerous direction is as usual from south and east and the points 
intermediate amounting to 293. As a striking feature may be noticed 
the increase in the number of currents from the south since January 
when there are only six, while in April we find 37 and in May 31'. 
This may well account for the fact, which captains of vessels trading 
between the United States and the coast of Venezuela have noticed so 
frequently, of meeting during the months of April and May with 
steady blowing southern breezes, and which I had an opportunity to 
notice myself on my last voyage to Laguayra. In some places east of 
the colony, on the back of the Cordilleras of the coast, I have experienced 
, this steady current from the south as often as I had occasion to 
traverse this region on my way to Caracas, with the exception ,,f only 
once. · It amounts sometimes to a strong breeze. Other colonists, 
who frequent this road more than I do, have noticed this remarkable 
wind nearly at all times of the year. 
CL 
sea, 
N S 
Several times I had a most excellent opportunity for ~bservin_g ~~~ 
tracing the course of this southern current to a great d1stance int of 
direction south and north. I was then standing on the very cres the 
the mountains of the coast, having a view towards the north upon ua 
sea, and towards the south over a part of the fertil~ valleys of :er~frec: 
Scattered masses of clouds showed plainly by their mot1?0 t ·t went. 
tion of the current in a long line, whence it came and whit~3r 1 It i 
The annexed figure may serve to give a somewhat clearer 1 ea. th a 
to represent a vertical section of the territory from south toh:i: ~nd 
the place of observation, V the valleys between the nort d -wind 
southern ranges, c c clouds moving with the eastern tra e rent 
towards the west, the line b d the track of the high southern cu:what 
which had a velocity of about twelve miles per hour, and a sorn.t wa 
· k' d ·1 · where 1 sm mg ten ency, unti 1t struck the northern range, t and 
forced upwards for a short distance until it reached the cr:es 'in a 
thel?- went o_n unobstructed on the other side of_ the mou~t!w:~rebY 
horizontal hne, apparently lowering but very little, . leavllli:, in their 
the eastern trade-winds of the sea far below and undisturbed tbat of 
regular and steady course, which is nearly at right angles to 
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the former. The lower clouds of the valleys showed plainly a motion 
from east to west, as seen against the dark background of the south-
ern mountains. The high southern current was not indicated by 
clouds in tho ~ places where it was vertically over the lowest parts of 
the valley; but when drawing nearer to the Cordilleras, on which I 
stood, the vapors which it contained condensed rapidly, and became 
visible as drifting, incoherent clouds sweeping by, and which could 
still be seen on the sea-side as long as they floated over the dense 
primeval forest, which extends here from the mountains' tops to the 
very margin of the sea. 
Here I may also remark that the great amount of cloudiness, which 
in some respects may be regarded as a disadvantage to observation, 
offers, with regard to the currents of the atmosphere, great advan-
tages, the condensed vapors indicating the various motions and direc-
tions of these currents, and I have had, therefore, opportunities to 
observe them in most of their various forms. Sometimes I have seen 
the air ascend and descend vertically with considerable velocity, at 
other times pushed up the inclined planes of mountain flanks on one 
ide until reaching the crest, and then gliding or flowing down on 
the other side somewhat like a liquid, following in its course the most 
depressed localities and ravines in all their windings. Sometimes the 
ea tern currents may be seen in their gradually ascending but nearly 
horizontal course to meet the higher southern current at right angles, 
and, without mixing, to be deflected by the latter in a horizontal semi-
circle, or downward or upward, as the case may be. I have also seen 
tw opposite currents meet, when each endeavored to force its antago-
nist back with alternate success and failure, until one got the better 
over the other, and at last kept undisputed sway. 
At certain seasons of the year we may see extensive sheets of cloudy 
ma es press closely over the northern or the southern range of tho 
lony valley, and o-liding down the declivity for a short distance 
become jnvi ible and disappear in crossing the cultivated part of the 
valley, but reappear again on drawing near the ppo ite ridge. i rc-
quently I have een immense masses f cloud leaning against the 
northern Ride of the crest of the mountain , and a if stuck to them, for 
whole days, and while the base was gently slidmg upward t wards 
the outh, the top of the cloud, which wa. towerio r ab vc the moun-
tains, was bent back and moving slowly in an oppo itc dir ction. 
When standing on some high ru untain, •sp •cially u.rly in the 
morning, I have seen dazzling white coh rent ma Re of cl uds filling 
up far bel w me whole valleys, the surfo.co of the ·e cloud rcpr s •nting 
immen e and level sn w fields, fr m which, in a rno t lov ,1y and 
trikinrr contra t, the green summits of the srnn.llcr m_ unt:iin, pro-
truded a, o many islets, or higher nd le ser prornonton of fr z n 
rm f the ocean. Tho delnsi n is somctim • moHt ompl t , ancl 
c nnot be viewed with ut fc liner of pl a nre u.nd 1mrpri. . 'I1h • Je-
vatiun of th upp r urf'ace f he c clouds w· s betwc 'll r.. ,O an 6,0 0 
fe t hov th , l •vel of he H a. . 
A t,rikinrr f n.tnre in tA.hlc To. 4 m v he fonnd in he rov11-'nce of 
north •1 n cum.! t fr m ov •m r till f' hrimr' i clu~iv while they 
are much rarer r entirely wanting io A.arch, .April, an a.y. 
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Among the number of days free from clouds we find that at 2 p. m. 
throughout all the twelve months there was only one single day where 
the sky was entirely clear, but at 9 p. m. we had a clear sky on eio-hty-
eight days. In the month of September the sky was during all the 
ninety observations made in that month more or less clouded. At 2 
p. m. the sky was entirely overcast on one hundred and thirty-five 
days. In May it was entirely overcast during forty-seven observations. 
The number of rainy days is two hundred and thirteen. 
Table No. 5 contains observations on the motion of strata of clouds 
of different heights. 
Observations on the motion of the highest clouds would be very 
important, but in this region we are unable to make a great number 
of such observations on account of the cloudy state of the sky, and we 
have to make the best of the few opportunities we may now and then 
get. As April is one of the most favorable months for this purpose, 
I have chosen this time, and have taken peculiar pains in collecting 
the facts contained in table No. 5. The greatest difficulty hereby ex-
ists in telling exactly which of the many different thin strata of clouds 
are the higher and which the lower ones. I was sometimes obliged 
to watch them for ten minutes right over head ; but knowing that 
inaccurate observations are infinitely worse than none at all, I did not 
shun any inconvenience to arrive at the true motion of the different 
strata. 
From this table we see that in the upper and highest regions the 
following winds were observed chiefly to occur: W.NW., W.SW., 
N.; in the middle regions, say from 7,000 to 9,000 feet above the sea, 
S.SE., W.SW., N.NW., N.NE.; and in the lower region, say from 
7,000 down to 5,000 feet and still lower, S.SE., E., E.SE. 
I may here remark that, from long continued observation on the 
motion of the clouds, I am inclined to believe that all the easterly 
winds of this region are gradually ascending in their course towards 
the west, while the southern as well as the western currents are 
gradually descending in their course. 
Diagram No. 7 gives a view of the curve of mean monthly tempera-
ture for Colonia Tovar compared with the curves for New Orleans, St. 
Louis, Missouri, and Boothia Felix. I have chosen these three latter 
places because they are all North American, and lying nearlr uutle~ 
one a~d th~ ~ame degree of longitude, but in different latitudes' 
Boothia Fehx m north latitude 70.2°. 
Diagram No. 8 contains all the mean daily heights of the haromet;r 
frol?- ~ove1?ber 7, 1856, to April 30, 1857, and from May 9 to June.ti~ 
A similar diagram for June to October, 1856, I have sent already ~1 of 
one_ of_ my ~o!mer letters. At that time I remarked that a km ob-
penod1cal nsmg and falling in periods from four to five days was £ 
servable, _but I did not then expect that this rule wou~d hold out r 
the remarnder of the year. But after I had finished diagram No.th' 
merely to see what kind of curve these months would present to ~ 
eye, I was struck with its appearance in shape and induced to co~nr 
the days from vertex to vertex, which, comme~cing with Nover~ e3 11
, gave me the following numbers: 6, 5, 2, 5, 6, 4, 4, 3, 6, 4, ' 
METEOROLOGY. 217 
5, 3, 4. 5, 3, 7, 3, 5, 4, 5, 3, 6, 6, 4, 4, 2J 4, 6, 5, 5, 3, 7, 4, 6, 4 = 
167, of which the mean is 4.5 days, as the mean period occurring be-
tween every two .·ucceFsive heights or vertices. 
The same process applied to the former diagram of the months of 
June to October, 1856, gives me the fol1owjng numbers: 5, 4, 5, 3, 
5, 3, 4, 4, 4, 5, 6, 5, 4, 6, 3, 4, 3, 4, 3, 6, 4, 3, 4, 6, 10, (== 2 + 5,) 
5, 5, 5 == 128, of which the mean number is 4.4 days. For May, 
1857, commencing with the 14th, the numbers are 3, 5, 5, 5, 3. 
No matter whether the barometer had a perfect vacuum or noL, the 
features of this remarkable phenomenon are the same. The two series 
of the above numbers, and the coincidence of their mean value, prove 
beyond a doubt that they are not the result of mere accident; but that 
this periodical fluctuation in the pressure of the atmosphere is subject 
to a certain law, of which I am ignorant. 
Diagram No. 9 exhibits two curves of the mean temperature for 
Colonia Tovar for twelve months. The upper curve is the result of 
noting down the mean temperature for every third part of the month, 
and presents quite a different appearance compared with the lower 
curve, in which are nJted down the mean temperatures of the whole 
months only. The latter part of April and the middle of September 
show the highest, and the middle of January the lowest temperature. 
July has usually a lower temperature than the three months on either 
Ride of it. The mean temperatures of the foPJ.r meteorological s a.sons 
pre eot the curious fact that three of them, spring-, summer, and 
autumn, have exactly the same temperature, viz: 58 .9, even to a 
fraction. The mean tem11eraturc of the year is 58.2; difference be-
tween the coldest and warmest month, 5.3. 
The temperature of the primeval forest, about two hundred yards 
distant from my dwernng, was, on the 25th of April, at lli. 80m. 
p. m., 61 °, at the margin 64°, when at my house the thermometer 
~vas 63°. In a shady ravine I stuck the thermometer four inch s deep 
mto the spongy brown vegetable monld at different ti es of the clay, 
and found the temperature al ways 5 °, pretty n ar the mean t m-
perature of the year. 58° or 59° may be con idered to be the conlilant 
tempera.Lure of this region about twelve inches below the surface of 
the ground in shady places. 
I have often observed that, whenever tho sun breaks through the 
c1ouuR and has been hining for a couple of hour , th thermom-
eter fluctuates frequent.ly very suddenly from no to four de rr es, 
accor<ling a it is touched by a warmer or colclcr curr nt of air pr -
ce cling from the diff ·rently heated localiti s of the soil ; but when 
the l{y is entirely overcast such changcR never tn.ko place. 
It eem omewhat remakable that, t olonia 'l1 var, n h avy 
thun er- torms occur. Thunder and H{Tlitnin,. nre ·ld m Btron 
non 1rh to deserve to be mentioned. Trusting t JH t .·p rienco 
ith r •CY, rel to the ab, enc f tempests, hurrican •s, ancl whirlwind1,, 
have covered the roof of my h use wit,h •ry thin n<l lid1t Hhingl s, 
not na.iled own, a i done in the I ta.tcs, l,ut m r 1y lrnrw 1 oly 
upon laths without any weathcr-b arding at all. u l y t, for two 
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years, they have remained in this position undisturbed by winds and 
weather. 
The stars are here seen to scintillate on every clear evening the 
same as they do in higher latitudes, with the exception of a small 
area in the _zenith of ~bout 15 degrees, where they have their steady 
planetary h~ht mentioned by Humboldt, and to be observed in lower 
regions. The zodiacal light I have never been able to see in the 
colony, although I have looked for it every clear evening. 
Besides the already enumerated tables and diagrams, I have also 
inclosed four sheets of copies of sculptured rocks, or, as they are called 
in this country, "piedras pintadas," (painted stones.) 
Those rocks, which I have found in different regions, in low hot 
valleys as well as on high cold mountains, seem to be the work of one 
and the same race of men. The original figures are on a large scale. 
A fow well-preserved spots, sheltered by a layer of sandy soil against 
the destructive influence of the atmosphere, show that the outlines of 
these figures are grooves, engraved or chiseled very smoothly and 
regularly to the depth of at least an inch in the hardest rock, and 
evinces a skill which would do credit to any of the civilized in habitat.ts 
now living in this country, even when aided by tools of steel There 
is no mere scratching about them ; they have been sculptured. They 
show clearly that they were worked to last, and to outlive full many 
a change in the history4of nations. The delineations are in all of 
them, whether from the sultry and insalubrious coast of Puerto 
Cabello, or from the cold mountain regions of the colony, of the same 
kind of workmanship, consisting of grooves about an inch wide and 
an inch deep. 
Time has worked sadly at most of these stones, and on some of 
them I found only traces of figures. . 
All these rocks I found by accideut in my botanical rambles, rn 
places where I never would have ventured to penetrate, and where I 
was led by necessity when strayed and trying to find my way ?ack. 
Whatever may .be said of these figures, patiently worked mto the 
rock, they were not done without a certain design. Whether they 
were intended to convey any peculiar meaning or none at all, the 
Indians have hereby bequeathed to us the mean~ of comparing th~m 
with similar monuments in other distant regions. So much is eerta!nJ 
they were worked with the intention to remain there for a long p_en? 
?f time, and. to be !ooked _at by posterity. These figures cons1st 1:. 
images of obJects, with which their makers were surrounded a~d a 
qua nted, as, for instance, alligators or larc:re lizards, snakes, !1gels, 
canoes, sun, moon, human heads &c. but show no signs of nnp e-
t f. . ·1· . ' ' sed to men s o c1v1 1zat10n. Therefore these fiO'ures may be snppo 
date anterior to the conquest of the count~y by the Spaniards. No 
record of the existence of these rocks I suppose has hitherto ever been 
d ~ h' · ' ' 1 d none ma e, 1or t 1s reg10n has been discovered but very late Y, an . 
of the natives living in the neic:rhboring valleys have known anYth10g 
about them. In this case l rn~y have been the first and only strange~ 
w~o ever behe1d their yet lasting works, of which they took so rouc 
pams to make a show in after years. 
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But how fallacious are often the most unpretending expectations of 
nations as well as of individuals. These Indians, as a tribe or nation, 
may have removed, or become extinct) or been driven away; for cer-
tain it is that they are gone, and have vanished from this region. 
Month after month and year after year (until amounting to centuries) 
went silently on over the only yet remaining witnesses of their existence. 
The luminaries of day and night had their glittering rays alternately 
reflected from the inclined and even surfaces· of these rocks; the rain 
ran down innumerable times as from a roof and washed the figures 
clean. Wind and water and oxygen and heat worked slowly but 
effectually at the destruction of the figure-furrowed surface) aud suc-
ceeded but too well. But no one came to wonder at the skill and 
patience of their makers. Fifty or a hundred years more would have 
done their destructive work completely, and these figures would have 
vanished and gone, probably without having been noticed even by a 
sing1e individual. 
Occupied with such reflections as these, when seated near the sim-
ple memorials just spoken of, I feel myself richly remunerated for all 
my fatigue and the trouble to snatch them from oblivion. 
That these sculptured rocks were intended to be seen and noticed is 
proved by the fact that they are never found in the primeval forest, 
but most generally in some prominent part of a savannah, bordering 
on the forest, although now overgrown with brushwood an reeds. 
ome of the figures were found in a place partly overgrown with Rmall 
tree , or rather shrubs of a stunted growth, mostly of mall pecimens 
of c1usia, which fact may prove how slowly a dry savannah, even when 
undisturbed by fire, is rechanged again into a forest; while it tak s 
but a few years to change, by the aid of fire, a fore.qt into a savannah. 
These localities show, also, clearly enough to a per on acq uaiuted 
with the mode of agriculture in the mountainous districts that the 
Indians have subsisted on ao-riculture and ot on ihe chase, for by the 
latter not even a dozen individuals could keep thcmRelvc alive for any 
length of time, much less a whole tribe. 
The barometer which I carried to ~he r gion of the sculptur rock 
aAsigns to them a height. of about 5,900 foet ab ve the cen.n . Wh n 
we consider the wet, cold, di agreeable, and focr y weath r which 
prevails during the greater part of they n.r in thia r ~ion, wher the 
er oles, in coming up from the warmer v1:1.ll 1ys, mctim R shiv •r with 
c ld, where the banana and oth r cuHivat •d tr pical plantH R lclom 
h ar fruit, and where Indian corn can only be ra,iRe<l wit,h difficulty 
r not at all, we may perhaps be inclined to think thn.t th 1 Indians 
cho ·e this co]d region from predil ction; and in this c might J>.roba-
bly have de cended from the amo tock th.at p ·op led t nd vr •f rr' 
the high regions of th ruvi· n And . But wh n w aft rwn.ril 
fiu l imi]ar rock. n n.r th h n <l sul ry a, t f Pu rte ) 1h llo, n.nd 
in h 1 r low valley , the above inf rcnce would hav tu unrl •rcr c n-
Ri •rable modification. 
A ·orn or maizc-grinrler i in g ncn 1 l ' i monrr t, th cn,ol 1 f 
V cu z cla, which, con iclcring i very 1 udc u l imp! n tructi 11, 
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seems not to be of European invention. It consists merely of a flat 
stone a l! foot long !4 inches wide, and 3 
niches thick, somewhat 
convex on the lower 
and concave on the 
upper surface; the con. 
cavity b is flat, and 7 
inches wide. The run-
ner r, with which the 
corn is crushed, is a 
stone about 5 inches 
long, 3 inches wide, and 
of an oval form, so as to 
flt the concavity b. The 
person crushing the corn 
stands near the upper 
• end of the stone, and 
holds the runner with 
both hands, and in crushing the previously soaked and somewhat 
pounded corn brings to bear nearly the whole weight of the upper 
part of the body upon the runner. The ground pulpy mass is shoved 
off at the lower end of the stone into some vessel. If the pulp is not 
fine enough it is crushed over again. This pulp, washed to remove 
the skins of the corn, and then baked upon hot stoves, constitutes the 
bread of all the creoles not living in town. rrhe whole wor~ of 
pounding and crushing is performed by females, and is a most tedious 
drudgery. It is really astonishing that the people here have not yet 
made use of the iron corn-grinders used so universally in the back-
woods of the United States, although they can be bought at Caraca'l, 
The above rude corn-grinder, or rather corn-crusher, is used also to 
crush roasted coffee, cocoa, and salt, and has been even adopted by 
~ome German families. I have 1een explicit on this subject, because 
m Emory's "Notes of a Military Reconnaissance," page 133, I fiud 
made mention of a similar corn-grinder used among the Pimos; but 
whether it is of the same shape as these here I have no means to 
learn. 
Barometrical measurement shows that the river Tuy, seven or eight 
miles to the S.SE of Oo1onia Tovar, is only about 3,100 feet above 
the level of the sea, while at Oolouia Tovar it is at least 6,000 ~eet. 
T~is river has _therefore a descent of nearly 3,000 feet w_ithin eig~t 
miles, or, on an average, a fall of 375 feet per mile. Such 1s the terri-
tory of the colony. 
On the 28th of May I carried the barometer to the "Picacho,'' oue 
of the highest peaks in the neighborhood of the colony, and fo_und 
the_ height of the mercury at 9! a. m. 22,736, thermometer 69° ~ fr?m 
wh~ch ~ con?lude that this mountain may be only 500 or 600 feet in-
ferior m height to the "Silla" of Caracas the highest peak of the 
coast range of Venezuela. ' 
In travelling _from Victoria towards Valencia we find, about three 
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miles west of Tarmero, right in the middle of the road, the famous 
"Zamang," an enormous tree, so well described by Alexander V. 
Humboldt. Its heal, formed by enormous horizontal branches, is the 
most remarkable part of this giant of trees. A section of its head 
would present a shape as shown in the marginal figure. 
I measured the head in its greatest diame-
ter from E.1::,E. to W.NW. most carefully, ~ 
and found it to be 206 feet 11 inches, English. / 
Fifty-seven years ago it was found by 
Humboldt to measure in its greatest diameter 192 feet, French mea-
sure, which would be equal to 204.48 feet, Engiish. Hence it follows 
that this tree has within the last 57 years increa ed the horizontal 
diameter of its head only by 2 feet 5 inches, English. The branches 
a.re l0aded with a wonderful mass of epiphytes and parasites ; and it 
seems surprising that branches of nearly 100 feet in length, standing 
horizontally out from the trunk, can support for centuries, besides 
their own astonishing weight, such au extra load of heavy plants as 
Bromeliacere, Orchidere, Cactero, Loranthacere, Piperacero, &c. 
This extraordinary tree is but thinly covered with leaves ; it looks 
as if it lacks vigor to issue new slender branchlets, for its ultimate 
branchlets are old, short, thick, and of stunted growth. 
et ting out from Petaquire, (a place nearly as high as the colony,) 
on the 8th of February, in an excursion towards the sea coast) my at-
tention was directed to some cow-trees. The space over which they 
were distributed was but very limited in the direction north and 
south, but extended more towards east and we t, and was about 
3,500 feet above the sea Their external appearance, the shape of the 
trunk and leaves, agreed exactly with the description given by Alex-
ander V. Humboldt. Most of them were trees of 1 to 1½ foot in 
diameter, but very tall. I also found some younger ones of 5 inches 
diameter. In seven or eight of these trees of different age and di-
mensions, I made incisions, to see the milk flow. Although it was 
about the same season of the year when Mr. A. V. Humboldt aw 
the cow-tree between Valencia an Puerto Cabello, I never could elicit 
from them much more than 1 or 2 drop in a econd of time. Ther 
was not much difference in th flow of milk between the larger and 
the maller trees ; and if ever I was disapp int d in my xpectatioo I 
certainly wa on this occasion d t the quantity f milk. The milk 
bas an agreeable, mild, rather rich t ste, and b c me 1:!0m what sticky 
between the fingers. Peopl , who ]iv n _t far off, an _h v~ trie~ th_ 
c w-trees in different years, do not prm e much th 1r milk-y1 I mg 
qualitie . The cow-trees grow in th mid t of hady, humi f r t , 
at an elevation of about 8, 0 r 4, feet, along tho ea-fr ntin 
clivities f the high mouotai range, tretching fr m a t t w t 
al ng the northern c ast f V n zuela. . I have n itb ·r n th fruit 
nor the fl.ow rs f this tree; ut in co paring it 1 v a wi h 1 v f 
plant in my her ariu , fin the clo t r em lane in sh p , 
tructure and vena.ti n with some p ci f fig- ree . Th w i 
white nd f con iclerable h rd . 
I pa ed th night in tb mi t f an imm e f r . t, n thin 
layer f rid gras , in a m 11, uninha i n he , (a plant in 
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leaf thatched roof, resting upon six isolated posts,) near to which a 
tiger was said to have his range. Towards evening torrents of rain 
poured down; but the night was still and undisturbed, exeept by the 
rushing mountain-stream at some distance off, which appeared to the 
watchful ear like the hollow rustling of a forest in a gale of wind. 
One solitary bird near by made the spot still more melancholy by 
its mournful notes, which it sent forth from time to time throughout 
the night, unanswered by anything living. 
These damp and shady primeval forests, especially when fronting 
the sea, are also to be noted for the great amount of ferns, with regard 
to species as well as to individuals. This beautiful class of plants, of 
which I have already collected 489 species within a comparatively 
small par~ of the country, loves moisture, shade, and stagnant air, and 
rarely ever succeeds in a climate or region which lacks these three 
great necessary conditions. Witli regard to number of individuals, 
the different heights show no marked effect. I found them in masses 
equally dense at 1,500 and 6,500 feet elevation; and I have descended 
and ascended the flanks of the coast-chain in five different regions. 
The only difference we see is the change of species in different 
heights, and even here we :find many species to extend over a great 
area of different elevation ; but most species are rather of a local habit. 
We can, therefore, from the amount of ferns which occurs in any 
given place, not very well deduce the mean temperature of that place, 
as is sometimes done in geology, in conjectures about the temperature 
of the earth's surface at the time of deposition of the coal fields, unless 
we know what temperature belongs to the luxuriant growth of that 
very species which we wish to draw conclusions from. The yearly 
mean temperature of the fern region may vary from 56° to 80° F. 
CoLONIA TovAR, VENEZUELA, January 10, 1858. 
DEAR Sm: Under date of June 11, 1857, I sent you a letter, to-
gether with some meteorological registers and a number of ~ables and 
diagrams, which you probably will have received in due time. In-
closed I send you now-
No. 1. Registers of meteoroloo-ical observations for seven month8, 
viz: from June to December, 1857, inclusive. . t 
. No. 2. A tabl~ sh~wing by the length of horizontal l_mes at wh:
0 time of the day 1t ramed at Colonia Tovar for each day from June 
December, 1857, inclusive. f 
No. 3. A table containing a recapitulation of the occurrence 0 
rain expressed in number of hours for all the months from Juv, 
1856, to December, 1857, fro~ 6 a~ m. to 10 p. m. T.his table af~~ 
shows by the length of straight lines the comparative. valu\her 
e~ch month, as regards the number of hours of rain; and m ano 
diagram the mean rain value for each hour from 6 a. m. to lO P· rn. 
It may not be uninteresting here to see what a symmetrical figf~: 
the curve a b c represents ; how it rises gradually from 6 a. m. to 
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hour between 2 and 3 p. m., and then sinks to 10 p. m. nearly as 
gradually as it rose. 
No. 4. A table giving the course of the clouds of the higher, mid-
dle, and lower strata for the months of June to December, 1857. 
'l'he motion of the clouds from the E., E.SE., SE., S.SE., and S. is 
by far the most prevailing, amounting to 415, while the motions from 
all the other eleven points amount only to 133. November and De-
cember show, as usually, a preponderance over the eight preceding 
months with regard to motion of the clouds from the northern re-
gions. The motions from the west, with only one exception, took 
place in the highest regions of the atmosphere. This puts me in 
mind of the fact that, while at Santa Fe, New Mexico, the steady 
course of the higher clouds from the west had frequently attracted 
my attention. 
No. 5 gives a view of the fluctuation of the mean daily heights of 
the barometer for seven months. My remarks in a former letter about 
the falling and rising of the mean daily height of the barometer, 
which from one maximum to another requires, on an average, 4½ days, 
still hold good, as will be seen by the following series of numbers, 
which are the number of days counted from one maximum height to 
the next following one. 
Begin11ing with my earliest barometrical observations, counting 
from the 14th of June, 1856, and ending with the 80th of October, 
1856, the day on which the barometer got out of order, we have: 5, 
4, 5, 3, 5, 3, 4, 4, 4, 5, 6, 5, 4, 6, 3, 4, 3, 4, 3, 6, 4, 3, 4, 6, 10, 5, 
6, 5 == 128 days, of which the mean is 4.57 days . 
.Ueginning again, when the barometer was put into use, with the 
12th of November, 1856, and ending with the 30th of April, 1857, 
the day on which the barometer was taken apart to be mended, we 
a-et: 6, 5, 2, 5, 6, 4, 4, 3, 6, 4, 6, 3, 5, 3, 4, 5, 3, 7, 3, 5, 4, 5, 3, 6, 
, 4, 4, 2, 4, 6, 5, 5, 3, 7, 4, 6, 4, 2 == 169 days, of which the mean 
is 4.45 days. 
Beginning again, when the barometer was in good order, with the 
13th of May, 1857, and ending with the :n t of D cember, 1 ,..7, we 
t: 2, , 5, 5, 5, 3, 4, 5, 4, 4, 3, 3, 3, 2, 4, 8, 4, 4, 5, :l, 4, 7, 2, 5, 
4, 4, 5, 6, 5, 4, 5, 2, 4, 4, 2, 5, 3, 7, 7, 5, 4, 4, 5, 6, 4, 5, 10, , 6, 
6, 3 == 230 days, of which the mean is 4.51 days. 
'rhe mean of all these three series is 4.51 days. 
o. 6 contains the half-hourly bservati n n the daily periodic 1 
variations of the barometer for 157 day , which, together with tho e 
made from the 10th of May t the 1 th f Juno, am unt t 186 days, 
including more than 2, O half'...h urly bs rvatio s of the bu.romet r. 
u1in0" these seven month I was, if I a.y u e th xpr s ic n, "liv-
in . under the clock ;" for I h d to keep a continu 1 lo k ut f r th 
amv 1 of the moment when ne half h ur after a.noth ·r w uld up. 
ow often wa I interrupte in my ut- r manual la rH in r l r 
t attend to the e b ervations An but the cl ir • t h lp c,irry a. few u eful material towa.r l th buil in gr uncl f th r t truc-
_ture f meteorology, which n d ub~ n ~a.y will . 11 it 
rfection, c uld keep me t ,v rk with 1n ti. nc nn_w ne . houl 
have continued these half-hourly obs rvn.t1 n till 1 nger, but my 
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o~her engagements multiplied so n:uch that I fou~d it utterly impos-
sible to do so. ~he clock_I used_ 1s a first ~a~e tm!e-piece, and was 
compared, from time to time, with the mendian line laid down by 
observation of the north star. 
No. 7 contains the mean barometrical heights of all the half-hourly 
observations made in 1857, recapitulated chiefly from table No 6 to 
which are added the monthly means of the barometer at 7 a,~., 
2 p. m., and 9 p. m. These latter means are not the means of the 
whole months, but qf those days only on which half-hourly observa-
tions have been made. . 
No. 8 exhibits the curves of mean height of the barometer in its 
COU{se from 7 a. m. to 9 p. m., laid down according to the numbers 
in table No. 7. We find these curves to be much more regular, and 
more gradually and smoothly rounded off in proportion to the number 
_of days, of which they are the mean result. So is, for instance, the 
curve c, resulting from the mean of eight months, more smoothly 
rounded than the curve of the month of August or that of May; and 
these again more smoothly rounded than the curves resulting from 
single days, which I have sent in my previous communications to you, 
and which are more or less angular. · 
The curve c in diagram No. 8 may therefore serve to illustrate the 
true and normal course of the periodical rise and fall of the barome-
ter from 7 a. m. to 9 p. m. Its rise and fall from 9! to 11 a. m., 
and from 4 to 5 p. m., are very inconsiderable ; but from 1 to 2i p. m., 
and from 7 to 9 a. m., far more rapid. There exists also a ditference 
in the shape of the curve of the month of August compared with that 
of the month of May. 
No. 9 contains the mean amplitudes of the barometer, calculated 
from table No. 6, for periods from six to six successive days; also, the 
mean amplitudes for periods from 12 to 12 days, and likewise those 
for the different months. All these mean amplitudes are laid dow~ 
in diagram No. 10, in their proper position, according to their numen-
cal value. 
No. 10. The monthly means in the first curve exhibit a pretty 
regularly rounded curve. The second curve, that is, the curve 0f t~e 
twelve daily means, is somewhat more irregular. The third,. or _six 
daily curve, is still more · irregular, exhibiting many proJectrn~ 
corners. The fourth and lowermost, which can no longer be ca~le 
a curve, and of which, to save time, I have given only a small rortion, 
exhibits in a striking manner the great :fluctuation of the daily am-
plitudes. 
At first view there seems to be not the least tendency in them to 
follow a certain law with regard to their mean value. This law, 
however, becomes apparent, when we look at the next curve above, 
and still more so in the tw'o uppermo·st curves. The third ?ur~: 
shows, also, that the nature of the curve of mean amplitudes 18. n 
the same in every year; in_ 1857, for instance, it is_ m_nc~ higher ,f!0f 
October to December than 1t was in 1856. All this md1cates ~lalll Y 
enough_ that the daily amplitudes of the barometer are subject to 
great disturbances by some cause or other. . h 
Great as the irregularities caused by such disturbances are Ill t e 
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above curve, they do not invalidate the view I advanced in a former 
letter about the nature of this curve, as it ought to be in its normal 
value. In their main features both coincide, if we make due allow-
ance for the short period during which these observations have been 
continued. The curve in diagram No. JO having its first maximum 
near the 18th of May, its minimum near the 8th of July, and its 
econd maximum near the 27th of October, and if we were to draw a 
mean line between the heights of 1856 and 1857, the second maximum 
would be near the 3d instead of the 27th of October. 
No. 11. In order to compare the course of the morning temperature 
of Colonia Tovar with that of some place of the southern part of the 
United States, I have in diagram No. 11 laid down in dotted line the 
course of the temperature at 7 a. m. for the different days of March, 
1852, as observed by me at Memphis, Tennessee, with the same ther-
mometer with which I made my first observations at Colonia Tovar. 
The other line is the course of temperature at 7 a. m. for the different 
days of March, 1857, at Uolonia Tovar. 
Besides the regular observations specified above, I have made from 
time to time, just as occasion offered, memoranda on many other me-
teorological subjects which came under my observation. These memo-
randa were made either at the time of observation or immediatelv 
after. They are rather numerous, and for want of time I am un bfe 
at present to arrange them properly, (>r to make a selection from 
among them. 
I may) however, afford so much time as to give the following: 
July 27. In preparing for a journey t La Victoria, I rose early in 
the morning. At 4½ a. m. there was a den e foCY'. Intending to step 
out, and opening the kitchen door which lead into the open air, I 
aw the sprightly burning kitchen fire re:flecteu from the fog as from 
a white, smooth, and solid wall; and, be ides this, a halo of about 
h\'enty feet diameter, as plain and well defined. as I ever aw around 
the moon. This halo, with the reflected fire in it centre, appeared 
t be clo e before me in a vertical plain, and it cbang it po ition 
whenever I changed mine, either to the right or t th left. 
At a first superficial glance upon the map it may se m as if tbe 
orth rn coa t of Venezuela, on ace unt fit r at di t nee, c n have 
nothin(Y' to do with the climate of the U nitcd tates, r that the me-
t rology of the two countries can have no fi atur c m n t b th; 
ut ob ervation prove it t be otherwise. And if we take a m re 
c mpr hen ive view of thi va t r gion, we ee that the Mexic n gulf, 
t ether with the Caribb an ea, i n thin m re than a great in! nd 
ea ba in with numerous and paci u ntranc t tho n rth a. t and 
t. Five to.te f the oion f rming it n rthern h r ; V n ¼ll la, 
ew renada and entral America, it op o it r outhern h r . 
re I may al o remark a. ut the n zuelan m untain ran , f the· 
c tl. t, that jt n rthern declivity t wo.rd th e i g n rally v ry 
teep, an in many plact:: near it ere t b. a.rin. mark .f i 1:1 _n e 
ma f it body bavino- sunk on t?at 1d fa.r b l w 1t .n. rnal 
lev 1, ~ hile on the ther r uthern 1 , n ch ark r v1 1 1 . 
If w want t tudy in Venezuel th m tu 1 i !lu c f a.tmo -
pheric current f these two oppo ite bore , viz: The uth rn coa t 
15 s 
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of the United states, nnd the northern of Venezuela) we must not tr 
to do it on that low and extremely narrow strip of land, which, bo! 
dering the sea, stretches ~long the foot of the ~ountain chain running 
east and west, parallel with the seash9re. This low·and narrow strip 
of land has a climate of its own widely different from that of the Uni-
ted States. :But when we take our abode on or near the top of the 
mountain ridge where we are above the steady eastern trade winds 
and :find ourselves in quite a different set of atmospheric currents and 
if we then pay particular attention to the more violent northerly 
winds, which now and then blow in this region, and to thf\ great 
southerly current, which lowers gradually in its course, reaches the 
surface of the sea somewhere between latitude 16° and 26° north, and 
generally blows steady during a great part of the summer and fall of 
the year up the Mississippi valley, even beyond latitude 39° north;* 
we then will recognize in the moisture-laden southeastern, as well as 
in the dry and chilling north western, by their very peculiarities, their 
namesakes of the United States. 
It is but five or six times a year that I am fortunate enough to get 
hold of a few newspapers in these mountain solitudes, and it is seldom 
that they contain anything regarding the weather of the United 
States. However, I have read, only a few days ago, in a New York 
paper of August 22, 1857, the following: 
"A private letter from New Orleans sta;tes that up to the 18th 
instant, it had rained there every day for thirty-eight days consecu-
tively, and was still raining." 
Now, by referring to my register of meteorology I find a singul~r 
coincidence between the occurrence of rain at New Orleans and Coloma 
Tovar. The inclosed table No. 2 exhibits this more strikingly, for 
we see here at once, that of all the seven months there is no other 
equally long period that can compare with the period tram July 18, 
to August 20, with regard to the number of rainy hours. 
The following sentence from the Weekly Herald of September 5, 
1857: 
"From New Mexico. The season has been unusually dry and c_old, 
and the crops look very badly. So little rain has fallen tb~t the li~tle 
stream near Santa Fe is dried up '' shows that the rarn-spendrn1 
southeast current of the atmospher~, which soaked in the month 0t 
August the soils of Colonia Tovar and New Orleans} never was felt a 
Santa Fe, New Mexico; and that there is a closer correspondence 
betwee!1 _the aereal strata of the coast of Venezuela and the lower oF:s 
of Lomsiana, than between those of Louisiana and those of Santa ' 
although the distance in a straight line between the two former pla;~s 
is more than double the distance between New Orleans and Santa e. 
Again, we find in the Weekly Herald of January 17, 1857: C uz 
"A terrific hurricane,swept over the city and harbor of Vera -~ d 
on the 20th of December," and "a heavy northerly gale had pr~,vai e 
for several days p_revious ~o the 25th of December (at Havana. f th of 
My meteorologicul register of Colonia Tovar shows, on ~
• Wh' · · . . . · several 
_ile hvmg at St. LoUJs, Missouri, I had a good opportunity to notice, durin~ y Jo 
years, m July, August, and September a steady southerly breeze almost day after a · 
some years, however, this wind blows l;ss regular than in other years. · 
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December, 1856,at7 a. m., north wind, 4.; on the 19th, at7 a. m., cl uds 
from the north, 4. ; on t.he 20th, at 7 a. m., cloud from the north, 3. ; 
at 9 p. m., clouds from the. north, 4. Number 4, as an indication of 
force attached to the winds or the clouds is extremely rare in tho 
regi ter for Colonia Tovar, and therefore denotes something extraor-
dinary. The mean barometer height was remarkably low on the ] 9th, 
20th, and 23d of December, vid: diagram of mean barometer height 
for 1856. 
I could, no doubt, cite many more instances of this kind if I had 
the means to know what is going on in other parts of the world. 
To make observations in this country about the higher strata of the 
atmosphere and their motions, no place, I should think, would be 
more adapted than the mountains of Merida, which are said to reach 
tho line of perpetual snow. There we have a gigantic range of now-
capped mountains stretching from southwest to northeast. Its base is 
wa hcd on one side by the warm waters of the gulf of Maracaybo, that 
great arm of the sea, which runs far inland, and expands in a vast 
ba in near the mountains. On the other side lie) in near approach, 
tho e immense, level, grassy plains, the Llanos of Venezuela, which 
are but slightly elevated above the level of the sea, and entirely bare 
of forest. 
When in the dry season the sun, unobstructed by clouds, acts upon 
the extensive sheet of the already very warm water of the gulf, with 
all the power of its nearly vertical rays, the quantity of vapor carriecl 
into the air by evaporation mu, t be immense, while at the same time, 
on the opposite side of the mountains, the rarified strata of the atmos-
phere vibrate over the dry and burning hot surface of the llanos as 
ov r a heated furnace. 
The phenomena which the different strata of air under such cir-
cumstances must exhibit would, I think, form a worthy and highly 
interesting subject of study for the meteorologist, and tencl to advu.nco 
the cau13e of his science. Happy he who has the means and the min l 
t d so I 
In connection with the foregoing, I will mention only one ph nom-
non, near the lake of Valencia, which may how some f th [ect 
of evaporation with regard to its di turbance f the atm sphcr '· 
often a I have vi.ited Val ncia in the dry 'eas n lrnv ob-
Rerve a violent northerly wind, amounting ometimes to a. v ry Rtiff 
br ze, blowincr there late in t,hc afterno n ti11 ] or l l o'clock n.t 
night. I fi uncl th i am wind als in other parts of the vnll y of 
Araiua. near the lake of Valencia, a , fi r in ta.nee, in agua nd • 'au 
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into the valleys of Aragua. This breeze rises regularly two or three 
hours after sunset." 
No.w, here we see that this phenomenon was as regularly exhibited 
fifty-seven years ago as it is now, and no doubt has been going on 
from time immemorial. The same causes that were then at work are 
still at work as forcibly as ever. While at Valencia the slapping of 
the doors, the columns of dust that came sweepjng by, and other 
signs of a violent rush of wind indicated to me with unfailing cer-
tainty that it was after 3 or 4 p. m. Travellers and muleteers in 
going from Valencia to Puerto Cabello, are especially annoyed on 'the 
first six miles of their road by the dust, so that they have to cover 
their faces or shut their eyes most of the time. 
It was natural for me to reflect upon the probable cause of this phe-
nomenon, and a circumstance soon presented itself to help me towards 
the solution of this problem. 
For on the 11th of March the sky was densely clouded, all day, over 
Valencia, and the whole valley of Aragua, including the lake, and it 
looked as if it was going to rain. In the evening, the usual regular 
wind failed to make its appearance altogether. 
To account for the alternating daily land and sea breezes of the 
coasts in general, there exists a well-known explanation, based upon 
the rarefaction of the air by the heated surface of the land or water, 
This explanation, however, will not do in the above case; for at_Ya· 
lencia the wind begins to blow from the seaside not in the mormn~, 
when the land becomes heated, but, on the contrary, in the afternoon 
when the land begins to cool again. 
When in equatorial regions the direct rays of the sun act for some 
time upon a widely spread mass of water, surrounded by land, as,, for 
instance, a lake, they evaporate powerfully the water from its ~urface i 
that is, they convert a liquid into an aeriform fluid. In this latter 
state the water requires several hundred times more room and exer~s: 
certain pressure which added to the pressure of the atmosphere,* wit 
which this vapor is mixed, overpowers the surrounding d~yer ~tmos· 
phere, and spreads or· shoves the latter outward in all ~ire?t10.0~bi~ 
make room for itself. In such an atmosphere, saturated with mvis . 
vapor, its permanent gases are much more attenuated than _wh:~~t 
a dry state; but they nevertheless exert, by the aid of the mvist e 
vapor, an overwhelming outward pressure. be 
That amount of pressur~, however, which the vapor exerts, can be 
easily annihilated by condensation, and thereby a partial va_cuum at 
produced, into which the external air will strive to rush w1th gre 
force. _ · . 1 e Now, in the surrounding bottom lands of the lake, the ait ded 
towards evening, in the dry season, by radiation against an unc ou 
sky, more caloric than it receives. . se 0/ 
It therefore see1:1s highly probable, tha.t the gradual decr:fencia 
temperature, by which the vapors of the air above the lake of V bich 
lose part of their tension, is the cause of the regular br~ 
>$ • ower of t~n· 
. Accordmg to the great fundamental principle, that in any given space, the P ·008 which 
sion of two or more mixed aeritorm bodies is equal to the sum of all those t~~81 If. 
each of these aerial bodies would exert, if it was to occupy the whole space by 1 se ' 
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blows as long as the temperature of the air falls: that is, till 10 or 11 
o'clock at night. It is easy to imagine what a hurricane would bl w 
if the cooling and condensing of the vapors were to be very sudden. 
What interesting barometrical and other observations could be made 
in the neighborhood of this lake! 
Very frequently at night or evening, throughout the rainy sea'on, 
we may observe, at Oolonia Tovar, favored by the absence of daylight, 
flashes of lightning unaccompanied by any audible noise of thunder. 
This noiseless discharge of electricity shows itself also frequently in 
the daytime ; but of all the many discharges of lightning during a 
three and a half years' residence I have heard only once or twice 
thunder loud enough to be compared with those of the United 
States. 
Register of meteorological observations.fer Colonia Tovar, Venezuela,from June, 1857, to December, 1857, inclusive~ by JJ.. Fendler. 
Date. 
Rain. 
Time of 
beginning. 
Time of 
ending. C ::: 
s 
-< 
7 A, M, 
Course. 
s 
'6 
.9. 
~ 
Kinds. 
i:: 
::, 
0 
s 
< 
Clouds. 
2 P. M. 
Course. -t 
.£ 
~ 
C 
Kinds. I ::, C 
s 
< 
Well defined winds. 
9 r. !II. 7 A. M. 2P. M, 9 P,M. 
I Course. , 11 m,, •. 1 I ~ i I .; ~ .; C) C) C) 0 0 ~ 15 ci .... ci .... Q fii;.. 
1----1--1---1--1-1--1----1--1----1--1---1---1--1---,--,---1--
1857. 
JuHe I J 3.50p,m . . j 4.l0p.m •. 1 3 
21 .. ·········· .......... . 3 6.5 p. m ... 6.10 p. m .. 
4 8.40a.m .. 9.l0a.m .. 
9.30 a. m .. 9.40 a; m .. 
3.55 p. m .. 4.20 p . m. 
4.40p.m .. 6.15p.m .. 
5 I 10.55 a. m. 11.30 a. m. 
2.45 p. m .. 2 .55 p. m .. 
4.40 p. m .. 5.15 p. m .. 
6 5.50 a. m .. 6.30 a. m. 
i.40a.m .. 5 . l0p.m .. 
7 ...................... .. 
8 .................. . .... . 
9 ...................... .. 
10 4.55 p. m . 5.30 p. m .. 
11 
9 
6 
8 
7 
10 
10 
1 
3 
E ...... I 2 
s.sE .... . 
s.sw .. . 
s ..... .. 
E ..... .. 
E.SE, •. 
SE •.•••• 
SE .... .. 
S.SE ... . 
E.SE •••. 
2½ 
1 I High •. 
l Low. 
l 
... ~'..1 ·~~~·-·:: 
2½ •••••••• 
2½ 
2 
2½ 
E ....... I ••• 2-i,' I Low .. 
7 
5 
5 
6 
7 
10 
8 
6 
3 
7 
10 10.45 a. m. 
6.40 p. m •. 
12 I 6.25 a. m .. 
10.45 a. m. 
4.5p. m ••. 
13 I At night ... 
11.15 a. m. 
l l.15 a. m. \ 4 8.10 p. m ....... . 
7.30a.m .. 10 \ ··· ....... 1 ... ···\·· ...... 110 11.10 a. m ....... E. ...... 2½ L ow ..... .. 
l p. m ..•.. 
14 , ........... . 
15 
5.l5p. m .. 
6.30 a. m.. 10 
12.10 p. m. 
l.40 p. m .. 
3 
10 
16 \ ........... \ ........... \ l 
1.7 •••••• •·••• • .••••• ..... . 10 
1.8 ....................... 10 
1.9 •••••• •• ••• • ...... •••••• 10 
E .. ...... I 2 
s . ...... \ 2 E.NE.... 2 
w ...... 2 
............... . 
S .• •••• 2~ 
SE . ..... !2 
10 
7 
5 
High ·· \ 3 
. ...... 5 
••••••• ~ 7 
.... ... 10 
s. s:- E .. .. 
E ...... . 
S.SE .. .. 
SE .••••. 
SE .••••• 
s ....... . 
E ..... .. 
N ..... .. 
S.SE .. .. 
8 .••••••• 
NE .... . 
E.SE ... .. 
,-3E . . .. 
E ...... . 
NE ..... . 
SE ..••• . 
E.SE .... 
E . .... .. 
s .... . 
E ..... .. 
S. &. SE. 
SE .•.•.. 
l:!E . .... . 
SE . .... . 
2 
2 
2½ 
2 
2½ 
2 
2 
3 I Fo6 ...... 
2½ 
2½ 
~ 
2 
2½ 
2½ 
2 
2 
2½ 
2½ I L,w ..... 
2½ 
2½ 
2¼ 
2¼ 
2 
2 
5 
7 SE ...•••. 3 
6 s .•...•. l 
6 E ........ 2 
10 SE .... · • . 2 
9 I E.SE .... I 3 
0 
8 
0 
5 
10 
4 
0 
0 
3 
9 
0 
10 
E.SE .... / 2t 
s ...... 1 2 
N ...... I 4 
desce nd ini. 
N .... .. 3½ 
....... , 1 ...... 1 N .... .. 3 
in gusts . 
\V ..... 
s ...... 2 
w ..... 2 
w::::r··i· 
w . .... 
::::: F:: ::::l: ::::J~_: :::1.-.-.-~: 
t,,:) 
<:.>., 
0 
ts: 
t_rj 
1-3 
t_rj 
0 
~ 
0 
~ 
0 
~ 
!:!O , .S.10 a. m •• , 8.~ a. m •. 10 Is ...... .. 
2:l •....• •• ... . .... .... .... 3 ::-IE . .... . 
23 7.20n.ro .. 7.50n m .. JO SE ... .. 
2; I Fog . . . 
2; 
2 
n 
l,'o;;··· . 
10 
10 
6 
9 
s ....... . 
E ..... .. 
SE ...••• 
ESE . .• . 
SE .... . . 
21 I JO.JO a. m 3.20 p. m . . , JO s .. ..... . 
5.20p.m .. 8.31lp.m . . 
21 .... .• .•.•.. ,.... .. ...... 7
1 
S ..... .• 2 .••. .... 7 E ....... . 
E. ... •.. 2 . ..... . . . ..... S .•.. .••. 
E . •••••• 
25 ::?.40p.rn .. 2.55p.m .. 10 .•••...... ..... . ... . ... 8 E ...•... 
8. l!I p. m .. 8.25 p. m.. . ...• E.:5£. ... 2t I Low .. ···•· ·· • •· ·•·· 
26 6.35n.m .. , 8.3J. n.rn., 10 
1 
. .. .... ........ .. ... .... 10 S .. ..•••. 
llll~t. 
9.40n. m .. 12.15p.m., ...... E.SE..... 1 Fo~ &. . ••••• E .SE .... 
12.15p. m. 
27 I 5 p. m • •.• • 
5.40 p. m .. 
10.30 a. m. 
1.3J p m .. 
28 
Sp. m ..... 29 1 \l.30 n. m. 
1.45 p m .• 
303.!lpm ... 
5.30 p. m .. 
7 20 p. m .. 
mi,t. mist. 
1.JJ p. m.. I 
5.15 p. m.. 9 ............. ... .. ..... 
1 
...... .... ..... . 
6,5 p. m ..... . ... E.SE.... 2 Low.. 7 E.SE ... . 
ll .20n.m. 10 .... ...... . ..... .... .... 10 ......... . 
3.10 p. m. T ..... 
1 
E. .... .. 2 Fog .. ... .... E ... .. . 
7.;JO p. m .. 
12.51.1 p. m 8 S ... ... . 
4p. m .......... E .. ..••. 
3.31) p. m.. 10 SE ... ... . 
6.50pm .. 
2 
l 
2; 
10 
.... E ....•.. 
9 E.SE ... 
8.31) JI· m.. I 
Totftl. •• ··1···· ........ 1 ........... 223 ....... .. 
tean ... . . ..... ..... ...... ...... 7.4 . .. • •••••• 
227 ......... . 
7.6 ......... . 
~· 2; 
1 
2 
1 
1 
2 
2½ 
2~ 
0 
10 
3 
10 
.......... , ... ~ .. !::::::::::1::: ::: , ....... . 
5 
· · · 4 ·· 1 · E·.sE:::: 1 · · · 2i · '· · · · · · · 
2½ I "•• •••••• I· ••••• ' •••••••••• ! •••••• 
I 
.. .... , .......... 1 8 .......... ,······1···· ···· 2½ Low ••••.•••••.•.•••••••..•••..••••••. 
•••••• ·•••••·••• 9 . ............... · ·•••••• 
2 Low •••••••••..•••••••••.•••••••••.••• 
2 
2t 
··········1 4 .......... 1 . ..... 1 • ••••••• j N ..... . 
Low . ...••... SE. ..... 2t 
10 E.SE.... 2 
••••• , 171 .......... 1 
.... ,5.7, .............. .. 
2 
w ..... 
w ..... 
NE ..•. 
w ..... 
w ..... 
······· w ..... 
SW ... . 
1 
2; 
2 
2½ Ii:: 
tz:j 
~ 
tz:j 
0 
t:z, 
0 
t"1 
0 
Ci:l 
!<I 
t..:) 
C>,J 
..... 
&gister of Meteorological Observations-Continued. 
Barometer. 
Thermometer in open air. 
Day of the Height. Thermometer attached. Dry bulb. 
month. 
7 -'-· 11r. 2 P, M, 9 P. M. 7 .A., M, 2 P,M, 9 P, M, 7 .A., M, 2 P,M, 9P,M. Mean. 7 A, M. , 2 P. M, 
1857, 
June 1 23.994 23.979 24.000 58 63 59 60 68 57 61.7 
2 .976 .958 23.976 58 62 60 58 64 58 60.0 
3 .960 .974 .992 57 63 59 57 65 57 59.7 
4 24.004 .988 .996 58 64 59 57 64 57 59.3 
5 23.998 .972 .984 59 64 59 59 65 57 60.3 
6 .978 .954 .980 57 58 55 55½ 57 55 55.8 
7 .976 .960 ,966 55 61 57 54 60 55 56.3 
.: 
8 .982 .985 .982 55 63 57 55 62 55 57.3 ·.; 
9 .960 .950 .970 56 62 59 58 64 56 59.3 ~ 10 .948 .94ti .936 57 64 57 58 67 56 60.3 0. 
11 .921 .910 .906 58 63 59 57 62 56 58.3 0 
12 ~36 .940 .962 57 60 57 55 60 55 56.7 .s 
13 .982 .960 .956 57 61 55 :,6 61 52 56 .3 I ... 14 :952 .964 .952 55 62 56 55 63 54 57.:3 ~ I 0) 15 .948 .944 .916 57 63 55 56½ 64 52 57.5 e 16 .95U .968 .974 55 64 60 55½ 64 57 58.8 0 
17 .982 .986 .988 57 63 59 57 64 56 59.0 ~ 18 .964 .956 .916 55 61 57 56 61 54 57.0 
-= 19 .962 .946 .978 57 61 59 56 61 57 58.0 
20 24.010 .984 24.016 56 58 57 53 59 56 56.0 ~ 
21 .020 .996 ,016 5fi 58 57 56 60 55 57.0 0) 
22 ,000 .974 23 .976 56 62 56 56 63 54 57.7 8 ., 
23 23.960 .956 .964 56 62 59 55 65 57 59.0 rn 
24 .960 .966 .960 57 62 59 57 65 60 60.7 0) 
..:: 25 .964 .951 .9i0 57 6:3 60 55 66 58 59 .7 ~ 
26 .960 .948 .964 58 61 58 57 62 57 58.7 
27 .976 .985 .974 58 64 60 57 65 f-9 60.3 
28 .966 .960 .966 59 60 57 58 59 57 58 .0 
29 .970 .952 .956 57 58 56 56 58 56 56. 7 
30 23.966 23.952 23.968 56 62 60 55 64 58 59.0 
Total. .... lli.125 \1.El64 lli.120 ....................... 1690½ \18821683 --1 . 7517 ........ 
Mean ..... 23.9TI \ 23.9~~TI\ ....................... . 5ti-:-;-T"s2-:, w~ 58.4 ........ 
\ 23.\168 \ I \ 58.4 
Psychrometer. 
Wet bulb, 
9 P. M, 7 A. M, 2 P, M. 9 P, M. 
( 58 62½ 55 
I 
56½ 60 57 
52 59 54½ 
55 59 55 
57 61 57 
55 57 53½ 
54 56 52 
52 56 53½ 
55 56 55 
55 61 53½ 
54 59 55 
55 59 55 
55 60 49 
54 58 51 
56 59 51½ 
50 57 56 
I 
54 58 53 
48 56 52 
55 58 56 
I 
53 57 54 
55 58 55 
54 57 53 
54½ 60 57 
54½ 59 54 
54½ 60 57 
56½ 60 56 
55 59 57 
57½ 5i:'½ 53 
55 b7 52 
54~- 60 57 
----------
........ 1631½ 1737 1629½ 
--------54.5 58.5 54.3 
55.8 
Remarks. 
Thunder at 5¾ p. m. 
. 
Barometer unusually 
low in th e afternoon. 
Strong gusts of wind 
from the E. at 7¼ p. m. 
-
t,:) 
C.>:> 
I:..:) 
a:: 
ti,j 
~ 
t,:j 
0 
~ 
0 
t'-4 
0 
Q 
:<I 
Date. 
Rnio. 
Timcofbe--
guining. 
Time of 
ending. 
7 A.. M. 
Reguto of Met«>rOlogical O~ntinued. 
Clouds. 
2 P. M. !J p. M. 
l I I Co=• I ! I Kmds, I I Coora,, 1 ! I Kiods, I I Ooara,. I f I Kind, 
I~ ........... \· 
7 Is ....... I 2 1 ........ 1 g 1···'. . .-···· 1· ·· ... -1 ..... . .... I a 1 .......... 1 ..... ....... .. E.:::,E.... 2 Low .......................... . 
2•1... ......... ...... ..... 3 E.SE.... 21 ........ 5 \V,. .... 1 High.... 3 ............ .. 
E.8E..... 2½ Low ... . ...... E.SE..... 3 
3 1........ .. .. .... ........ ;:S s ....... 1 I High.. 9 8.SB .•• 
7.45 p. m .. 8.10 p. m.. 5 SE ...... 
5 I l p.m .. .. . 
3.5p. m ... 
3.50 p. m .. 
6 I 4a. m ..... 
7.15a.rn .• 
!l.30 p. m .. 
7.15 p. m .. 
7 l 8.16a.m .. 
ESE .•... 
l.45p.ro .. 10 SE ..... .. 
3.30 p. m ................ .. 
4.10 p. m .. 1?':it~.m~:l 10 S.SE .... 
3.15 p. m • . 
7.30 p. m., 
10.20 a. m. 10 
21 Low •.••••• ·1 ESE ... . 
2 High.. 6 SE .... .. 
1 Low ....... . B.SE ... . 
2 .... .... 8 S.SE ... . 
....... ... ... S.SE .. .. 
2 10 SE ...... 
2 
2 
~ 
2½ 
2 
tog. 
4p. 1n .. ... 4.45p. m ... ! ................................. E.SE..... 2 Low .. .. 
7 
7 
10 
3 
10 
·E·.sE:::r·2t· 
7 A. M . 
~ 
0 
-~ 
Q 
NE .... 
Winds, (well defined.) 
., 
1:! 
0 
Ii"< 
2 P, M. 
~ 
·i 
Q 
., 
<) 
0 
f;<, 
9 P. M. 
i 
·i 
i:i 
.••••• vV •.•. . 
.; 
1:! 
0 
i:... 
2 
.. .... 1 .......... .. ......... . 1 ...... Mist & 10 ...... ........ . 
5.30p. m . . 7.45p. m .. 
8 .. .. .. . . .. . . . . . .. . .. . .. 10 S.SE • • . 21 . .. • .. .. 8 $......... 1 .. • • • • • • • . 8 ..... . . ................................... · ·,. • ................. .. 
. .... . ........ 1 . .... . 
. : :::::::::::: ::::::·.::::: : t?.:i:: ii If;::: 3:: L\ t :~if:::+ \Hi Hi I+ I++: H\ ?\ti:::::; 
11 11.15 L m. 1.30 p. m.. 9 E. ..... l Middle 10 5tauonary .... .. .... ...... 10 
2p.m . .... 2.l5p.m ................. 1. .... . .............. N........ 1 Low ......... .. 
7.15pm .. 8p. m ... .. 
12 I Uurinirthe night... ..... 10 S.SE... 3 .... .... 10 .... •• .... ...... .......... 9 
12 . 10 p. m.1 1.30 p. m.. .... .. .... ...... ..... . .... .... ..... NE....... 3 
1 
Low .. .. 
3.15 p. m .. 5 P· m... . I 
13 1........ .... .... .... .... 6 E ... .... I 2 I Middle 5 s.sw... 2½ Middl~ ... I 4 
S... ... .. 2½ L ow ........ . S.SE... 21 Low ... . 
...... , ........ 1 .............. .. 
...... ........ ..... w..... 1 
...... ········ ...... , ......... ' ..... . 
~ 
t_:,j 
1-j 
t'l 
0 
l:i:l 
0 
~ 
0 
(;') 
~ 
t..:> 
~ 
t>,) 
Register of •Meteorological Observations-Continued. 
Rain. Clouds. Winds, (well defined.) 
7 A, M, 2 P, M, 9 P, M, 7 A.M, 2 P, M, 9 P, M, 
Date. ITin~e ~f be- , Time of 
gmnrng. ending. I 
I Coo<ae I l I Kinds 11 I Ooom · I i I Kinds, 11 I Coone, I ! I Kinds. I '" I I = I ' I 
= 
.:: 
0 0 0 
::, 
-~ o3 -~ C) 11 8 8 ~ "' i:S 0 A ~ 
""' ____ ,_____ 1----1--1---1--J----l--l ----1--1----1--1---1---1--1---1--,---,--
1857. 
July 14 ........... . 
15 .......... .. 
16 .......... .. 
17 ....... . ... . 
1813.55 p. m .. 
19 12 30 p. m. 
1.30 p. m .. 
20 12.3up.m. 
1.30 p. m •. 
6 p. m., 
heavy. 
12.45 p. m. 
3.10 p. m .. 
l.15p. m •. 
2.5p. m .. • 
10 
0 
0 
3 
3 
7 
s ...... . 
and SE .. 
Oalm .••. 
E ..... .. 
s ...... .. 
s.sw .. 
E ........ 
2 
2 
2 
2 
Low .. 
Low ... 
Low .. 
Middle. 
High .. 
7 S. & SE .. 
... 1 .. ·s:·. ::::.: 
E .... .. 
8 N.NE ... . 
S. &E .. 
6 S.SE . . .. 
... E ..... .. 
9 ........ .. 
SSE. &E 
10 E.NE •... 
10 s ....... . 
2 
1 
2½ 
2 
2½ 
2 
2 
2½ 
2 
2 
3.50 p. m .. 4.15p.m .. 
21 I 9.15 a. m .. 10.40 a. m. 10 I SW ...... \ 2 I Middle .[ 9 I S ...... ·I 2 
and E.... 2 
12.30 p. m .. 3.10 p. m .. 
Sp. m ..... 
22 I 4.30 a. m .. 
8.45 p m .. 
5a.m ..•.• 6 I SIL ... 
3p. m .•.•. 3.5 p. m .•. SE .•••••. 
23\8.50a.m .. \ 9.a.m ..... \ 10 1.20 p. m .. 5.50 p. m.. .... • SE ...... 
24 7.5a.m ... 7 .45a.m . . 10 \ ...•.•.••. 
9 a. m ..... ll.15a.m., ...... E ...•••• 
mist. 
2 \ Middle.I 8 
2½ Low .... 
2 
2 
10 
9 
Fog .... \ .• •••• 
s ..... .. 
:3. &E .. . 
E.NE ... . 
s.,;:E .... . 
SE ..... . 
2½ 
2 
'" ~. 
1 
2 
Low .... 
iiiicicii;.:: 
Low .... 
High .•• 
Low •••• 
Mi<ldle .. 
Low ... . 
Low ... . 
Low .... . 
0 
0 
0 
1 
5 
2 
3 
10 
10 
8 
7 
Fog. •• I ••••••·· 
w ... . 
W .... . 
w .... . 
W ..... 
\V ..•.. 
25, ........... . 
26 \7.35 a. m .• \7.45 a. m .. 
21 1 a. ro ..... 2.30 p. m ., 
3 
10 
10 
E.SE .•••. \ 2 
SE..... . 2 1 ... .•.•• 
7 
\ • .•••.... 1 .. ····1···· ······1 1 ........................... ····1 .. ····1···· ····1······1 w .... . E.. .. .... 2 . ....•.••...••.•....••.... . ................•..... , . . . ...... .. .... .. ...... . 9 S .SE . • . . 2½ .. . • . • . • .. 10 .. ............. .... . ......... ... . .......................... . 
1 
.... . 
10 SE.... ... 2 . .. ••.••• 3 .•••••. ... .••••. .• .• .. .. ........ .. .••. . ... •••. ..•••. W..... l 
...•.. Fog ... 
tTI\St. 
28 l!l. 15 p. m. 3.lO p. m .. 
·E:::::·.·.1···2·· •········ 8 SE...... 2 .... .. ... . 10 . ....•........................ . ...........•............ - ... · · ... · ..... ····-····· ...... ·········· ------ ...... ... . · ·-·· ........ ······. ------ ·· ·-- --· ---··· --·· ···· .... . 
1 
2 
2 
2 
t-:> 
~ 
~ 
~ 
t_tj 
~ 
tt.l 
0 
~ 
0 
t-t 
0 
Q 
:< 
WI 6.15a. m •. 
0.15ft. m .• 
3. 15p. rn .. 
:io I 3.2~ p. m .. 
3.Mp.ru .. 
4.30 p m. 
31 I 12.30 p. m. 
1 p. m . ••. 
Total .... . 
Menn .... . 
J:~::~;:.: / .. ~~.hi::::::: l· .. 2 .. ·_..~;;: ::: ..... . i:.sE·:::: ... 2i :::::::::: ... ~ .. 1·::::::::: ::: ::: :::: :::: :::::::: :::::: :::::::· :::::: .~::::: \ ..... ~ 
4.2.rp. m .. pn ~~:: .. ? .. ~.l~~j.~~~~ :::::: :::: :::: ••• ~ •• ·E·.s·e::: ·' .. :i". :.: ::: ::::I .. . ~ .. E:s·E::::J···i·· :::: ::::]:::: :::: :::::·1:::: :::: ::::::1.~· ::.: \·····~ 
a.lOp. rn. I I I 12.40 p. m . 10 ................ 1 Fog.. . . 10 S.S\V... l .......... 2 N.. ...... 2 1 . .................................. \V.... 2 
3.!0p.m . . __ 1 I __ _ __ 
............ ~ .......... ··········· ... ~ .......................... 1~=--1··········1·· .... , ........ I ..... ... ..... .. 
6.ti . ..•••..•..•.•.•...•.... 8.3 I ......... ............... 5.4 ................................ 1 ..... . 
• Gus1s of stroo: wind alternauily from E. , NE., S. , and W., till 7 a. m. July 3; barometer high from 9 a. m. to l p. m, 
~ 
t_:tj 
. .... 
trj 
0 
l;d 
0 
t"' 
0 
0 
!< 
N> 
O:> 
C..."1 
Register of Me:eorological Observations-Continued. 
Barometer. 
Thermometer in open air. 
Day of the 
month. 
Height. Thermometer attached. Dry bulb. 
7 A, M, 2P, M, !l P, M, 7 A, M. 2 P, M, '9 p, 111, 7 A, M, 2 p, lit. 9 p, lit. Mean. 7 A, 1\1', 2P, M, 
--- -------
------ --- ---
------ ---
---
1857, 
July 1 23.940 23.949 23.973 57 62 58 57 6:l 57 58.7 
2 .966 ,968 .960 57 62 57 58 64 56 59.3 
3 ,950 ,942 .932 54 61 57 54 65 55 58.0 
4 .908 .920 .!:138 56 64 60 56 66 55 59 .7 
5 ,946 .942 .!:168 59 61 59 57½ 63 59 5!-J.8 
6 ,966 .945 .966 58 61 5!-J 57 62 56 58 .3 
7 .944 .920 ,938 58 62 57 57 61 56 58.0 ..: 
8 .932 ,940 .934 56 62 59 56 64 56 58.7 ·a 
9 ,!:126 ,942 .944 56 62 56 56 64 55½ 58 .5 § 
10 .944 .960 ,962 57 63 58 57 65 55 5!-J.O Q, 
11 .958 .956 ,984 55 61 59 56 60 57 57.7 0 
12 .928 .970 .994 56 58 56 54 59 55 56.0 .s 
13 24.00!-J .994 .998 58 61 57 57 62 55 58.0 ... 
14 .!HO 24.020 24.006 57 65 59 56 68 56 60.0 
., 
15 .010 .Oll 23.994 56 G4 56 58½ 68 54 60.1 s 
16 23.978 23.968 .976 56 63 59 58 65 56 59.7 0 
17 .968 .972 .964 55 62 59 56 65 55 58 .7 e 
18 . 977 .!:160 .978 58 63 56 57 65 54 58.7 
., 
.c 
19 .!i64 .970 .!156 56 60 55 56 57 53 55.3 
... 
20 .942 ,!:144 .962 56 61 58 58 59 56 57.7 "' d 
21 .938 .928 .943 5f.\ 61 6L 55 62 58½ 58 .5 
., 
22 .944 .94.! .948 57 63 60 56 64 5!-J 59. 7 E d 
23 .935 ,932 .950 59 62 57 57 59 56 57.3 "' 
24 .940 .955 .962 56 60 58 55 60 56 57.0 
., 
..c 
25 .958 .977 ,956 56 63 56 55 62 57 58.0 ~ 
26 .976 .975 .9t0 57 63 til 55½ 6-1 59 59 5 
27 .992 .9!':2 .984 57 63 60 f6 63 56 58.3 
28 .980 .974 .974 57 64 60 57 66 58 60.3 
29 .978 .992 .!:196 59 63 58 56 65 55 58.7 
30 .988 .992 24.016 57 64 60 58 65 58 60.3 
31 24.0(\0 .976 22.984 58 59 59 57 59 56 57.3 
-- ----
---- ---
Total. .... \_122.849 12:!.818 123.020 ........ ........ ······· · 1749½ 1953 1742 l81.48 ········ ... .... 
Mean.... 23.963 I 23.002 \ 
-------
---
23.968 \ ....... 
. ······· 
... ...... 56.4 63.0 56.2 58.5 
········ 
........ 
\ 23.964 \ \ I 58.5 I 
Psychrometer, 
Wet bulb. 
9 P, M, 7 A, M, J? P, M, 9 P, M , 
--- --- ---
53 59 55 
55 58 53 
51 58 53 
51 59 56 
57 60 58 
56 60 55 
57 58 55½ 
55 59 55 
55 57 52 
55 60 53 
51 60 55 
52 58 54 
56 58 54!-
55 62 55 
54½ 61 52 
55 60 55 
54½ 58 54 
55 60 53 
54 57 5 1 
544 57 55 
55 59 5!:'½ 
55 60 58 
56 58 54 
55 58 54 
53 57 56 
54 58½ 58 
55 61 55 
55 61 57 
56 60 54 
55 60 57 
57 58 55 
--
--· --
········ 
1692½ 1829½ 1700½ 
-------
········ 
54.6 59.0 54 y 
56.2 
Remarks. 
Thunder . 
Thunder, very faint, at 
5p. m. 
N) 
~ 
0-:, 
l:s:: 
t,,:j 
t-3 
t:.%J 
0 
~ 
0 
t-4 
0 
~ 
Roi11. 
7 A. M. 
Dnte. 
Time of be-1 Time of 
gir,ning. ending. ~ I I ~ 
; Course. ·5 
0 0 
~ ~ 
Regi4/6 of .MJeorologit:al Oruervatiom-ContinueJ. 
Kinds. i:: ::s 
C 
E 
< 
Clouds. 
2 P. M. 
Course. i, 
·c:; 
0 
~ 
Ki11ds . § 
0 
E 
< 
9 P. M. 
Course. 
7 A. JI!. 
-t 
~ 
~ 
Kinds. 
i:= 
·i 
A 
Winds, (well defined.) 
.., 
~ 
0 
r.. 
2 P. M. 
i:: 
., 
i:i 
o.i 
~ 
0 
r.. 
9 p. JI( . 
ci 
·i 
A ~ ~ 
----!----[---- -- i---·--1---1--1----1-- ----1--1----l--l---l---1--,---1-- ,---,--
1~7. 
Aug. l 2.45 p. m .. 
4 .30 p. m .. 
2 12.45 p. Ul. 
4 p. m ..... 
3 1.45 p. m .. 
6.45 p. Ill •• 
4 10.:ion. m. 
• 5 6.151\.ro .. 
9.2Un.m .. 
l.:tJ p Ill •• 
2.5 p . [U ••• 
6 I s.10 p. m .. 
5.35 p. m .. 
11.450 . m. 
7 . 5il p. m .. 
ti I 6.30 ft. Ill .. 
1:1.10 p. m. 
l.15p. m .. 
2.:io p. m •• 
5 p. m •. : .• 
9 I 12 .35 p. m. 
I 
4.5 p. m. .. 9 
6.25 p. m .... ... . 
l.:Alp.m .. 3 
5.35 ll · m ....... 
4.2.'lp m.. 3 
ti.30 p. Ill ..... . .. 
10.!>0 n. m. 9 
7.I0a.m .. 10 
12.15 p. m. 
1.45 p. m .. • 
4.15 p. Ill .. 
5 .20 p. m .. 
6.15 p. m .. 
6.5 p. m... 9 
8.40 p. m ...... 
1011. m.... 9 
l2 .30 p . Ill. 
1.:io p. m • . 
3 p. Ul .... 
ll.:3u p. Ill .. 
3.:l>p.m .. l 10 
-~·1::·.: :::: ... 2 .. 'i~·~::: 
E....... 1 ........ 
E. ...... 2 ••••.•.. 
SE...... 1 ....... 
·i::::::: ... i .. ::::::: : 
·e::::::: 1 
ii.:::::: ... i .. 
E.SE.... . 2 
E.SE .... Fog .... 
10 I 4.30 p. m .. 1 4.-10 p. m .. ! 10 · E . ....... I ~ I· ...... 
~E...... -
11 . ............ , ......... .. 8 
12 , 3.30 p. m .. , 5.50 p . m.. 6 .............. .. 
6.45 p m .. 9 p. m..... . . . .. . E...... 21 ....... . 
230 9 J :\E .. .... ll 13 12.30 p. m. . P· m.. 1 SSE .... , 2 f "•• "· · 
7.50 p. m •• 8.5 p. m ... l 
10 
10 
10 
E ...... . 
SE .... .. 
................ 
2 
2 
-; 
E ...... 
10 
....... .... :::::: ·:::::::::110 I NE .... . 
E ....... l ............. .. 
From W. Top. } of lower 5 
FromE .. Base clouds . ....•. , E ...... 
E.SE.... 2 .. . • • . • • • . 9 St.ation'y 
7 {I~~: ..... 
······ 
2i High .•. · I ~ 10 
2 Mhldle •. 5 
.. ~~ .. 1:;~:::::::' ... ~ 
10 E.SE.... 2 
10 
10 
5 
·£:·.::::: ... 2 .. 'i:/.;g:.:::· 
E .SE .. .. 
ESE .. .. 
£SE ... . 2 
NE &.SE 2 
9 
10 
0 
JO s'sEi::::1"'f 
E....... 2 
3 1 .......... 1 ..... 
...... ········· · ··· ·· · 10 ............ .. .. 
10 -~·~:: :::: ···;·· :::::: :~::1 ··~~·· ,:::. ::::::, ··· ··· 
.Mis·t: J :::::::: 
w .... 
............. ,. 
Fog ....... ... . 
...... 1 ....... . 
········ ·· ····· · 
N.NE. 2¼ I W .... 2¼ 
w.... l 
·:::::nv· :::: .... r 
:::: :.::-::::::r::: :::: :::::: 
I 
~ 
t,tj 
~ 
t,tj 
0 
~ 
0 
t"-1 
0 
Q 
~ 
N:) 
~ 
-.I 
Rain. 
Date. 
Timeofbe-1 Time of 
ginning. euding. 
C 
::l 
0 
s 
< 
7 A. M. 
Cou 1se. . t
0 
~ 
Register of .AfeJ.eorological Observations-Continued. 
Kinds . 
... 
C 
::l 
0 
8 
<: 
Clouds. 
2 P. M. 
:6 Course. I 
·c3 
0 
~ 
9 p. M. 
! I 
5 I Cou,,e. I Kinds. 0 
8 
< 
-~ 
0 
Cl 
> 
--,---- ,--,---,--1----1--1--- 1-- --
1857. 
Aug. 14 I 12 .20 p. m. 12.30 p. m. 
l.5p.m ... l.55p.m .. 
2.10 p. m .. 3 p. m .••.. 
15, l.55 p. m •. 3.45 p. m .. 
8.45 p m .. 9.30 p. m .. 
16 7.30a. m .. 9a.rn ..... 
i-.15a.m .. 1.:10p.m .. 
2.30 p. m.. 4 J>· m . ... 
4.30 p. m .. 5.30 p m .. 
17 I 7.30 a. m .. 11 a. m . ... 
12.15p.m. 1.50p.m .. 
3.5p.m ... 4p.m ..... 
1s I 2.:io p. m .. 2.40 p. m .. 
19 I 9.15 a. m .. ll.30 a. m. 
ll.45a.m. R.30p.m . . 
l0p.m .... 12p.m ... 
20 \ 12.30 a. m . 6 a . m ... .. 
6.lOa.m .. 8a.m ... .. 
21 5 p. m..... 7 .15 p. rn .. 
22 3.4:'ip.m .. 5p.m .•••. 
23 2.45p.m .. 4 .15p.m .. 
241······ .. ·· .. 
25 .......... .. 
26 I l.15p.m .. \ l.30p.m .. 
21 I 4.30 n. m .. \ 6.15 n. m . . 
9 E.SE .... lO NE.&E.SE 2 
::l 
10 
.~~~::.:: , ... ~ 10 
JO 
E ....... I l 
10 
6 NE. & SE 2 
10) I NE .... I I and ESE HI Mist.·/ 10{ s.sw .... and E ... 
'{ \ f.~.::: I 1 I m"h I ! { E NE •.. 2 :vi_fctdi~ 7 ~ :: ..... 
10 l NE .. :_· I l High .. } 10 E 
and E ;:-;E 1 Middle · ••• ••· 
10 
10 
5 
10 
10 
3 
1{ 
10 
SE .• •• 
SE ..••.. 
N •••••• 
2 
2½ 
2½ 
E ........ \ 2 N. ... 2 
NE...... 2¼ 
air unusua \ly dry 
S"E...... 2 
j I SW .... . Fog .. ·· j 10 , and s.sE. 
7 \s ...... .. 10 S.SE ••  
Fog .... \ 10 E .•••••. 
Fog.... s{ ~nct .. sE·.·. 
Middle 7 , E • .. •• • 
High . · l 10 SE . ,.•. · Middle f 
j S.SE •••. 
Middle \ 10 t S ....... J 
i } 1 . .... ·-- ·I ..L l •••••••••• I• •••• · 
1 I m,h ••• I 1 2t Middle.. 8 22 Low .... 
1 •• • •• • • . .. 10 
i ! .... ...... 7 
2½ .. ........ 10 
2½ .......... 10 
2½ 10 
2-A } ........ 7 2!· 
2 "Middle •. 3 
1 ........ . 10 
2 
~t~~i.;:: } B I s ...... . 2i- 2i-
I K;,d, 1 
Mist ... 
Winds, (well defined.) 
7 A. M. 
.,; 
·i 
'5 
~ 
0 
i:-. 
2 p. M. 
= 
·i 
Q 
~ 
0 
lz.. 
9 p. M. 
.,; 
.s 
~ 
0 
...... , w .... 
w .... 
.... , .. ..... . l• •••• ·l w ... . 
I 
....... . , ...... E.NE. 
w .... 
i 
0 
i:o. 
2t 
2l 
2 
2 
2 
w .... 1 .. ··i· 
NE.,in l 3 
gusts. 
w .... 
.... ... . , ... . 
t-..::. 
CJ,:) 
00 
is: 
trj 
1-3 
trj 
0 
t,j 
0 
t-4 
0 
0 
:< 
• 
ll:IO.,rn . . , ,.3flu.m .. · I I 
~ . . . . . . . . . . . .. .. . . . . . .. s. .. . . . . 3 • . • . • . . 5 s... .... 3 . ••..•. .. . , 2 ......... · 1 · .... . ....... 'I" .... .. .... . 
~II . .......... • •••••••••• 7 S........ 3 . •..•.• JO t:: ::: · ~¼ :::::::::· ... ~ ... ::~~.::: .•• • ~~- ::::::: : ::::::::i::::: . 
30 , " 15 _ j s. .. .. . 1 rirr .. . } 8 J NE..... 2 Hi!!h . .. } 4 8 . , , 
-.p.m .... . , .,. p.m. '1 SSE .••• . !?t M1ddlt>~ SE ..... . 1 Midd le. . iauony 
31 I 'JO , ,, sJ \\' .. . . . . l C:irr . .. l 111 4 
·• p.m .. :.p.t11 ..... 1 E ....... 2 Middle f ......... . ······ . ... .. .... . .. . .......... 1"""" 
To1al. .. . ~:~.~--~: :: .~:~.~--~~: : ~~~- :::::::::: :::::: ::::: :: : -~~~ ... ~.:::::: . ... ~ .. -~-~~ :::: -~~~··1::::.-:::·: :::::· :::::::· 
""" -1- .................... ..,.,, ............. 1....... 8.9 ......... . ..... 1 ......... 7.2•...... .. .. ... I .. ··· 1 ····" I ' 
w ... . 
l::: 
t,:j 
1-3 
t,:j 
0 
~ 
0 
t-1 
0 
~ 
~ 
c.,.:> 
<:.O 
Day of the 
moutll. 
7 A. M. 
Height. 
2 P. M. 
Register of llftleorological Observations- Continued. 
Barometer. / I Psychrometer. 
Thermometer in open air. 
Thermometer attached. Dry bulb. Wet bulb. Remarks. 
9 p. M. I 7 A, M. I 2 P. M, I 9 P, M. I 7 A, M. I 2 l'. M. I 9 P. M, I Mean. I 7 A. M. I 2 l', M . I 9 1•. M, I 7 A. M. I 2 P. M. I 9 P. M , 
____ , ____ , ____ , ___ , ___ , ___ 0 --- 1---,---,--- I ---•---,---1---1---1--- !---------
1857. 
August 1 23.976 23.972 23.992 58 63 59 58 64 56 59.3 
2 .948 .954 .976 56 62 60 55½ 65 59 59.8 
3 ,952 .992 .97t! 59 63 6l 59 60 59 59.3 
4 .952 .94U .958 59 63 60 58 64 57 59. 7 
5 .930 .928 .939 59 60 58 57 61 55 57.7 
6 .924 .936 .960 fi6 62 60 58 61 58 59.0 
7 .948 .940 23.966 60 60 58 58 58 57 57.7 
8 .968 .968 24.000 58 62 61 56 64 59 59. 7 
9 2:J .986 23.994 .008 59 60 56 57 58½ 55 56 8 
]0 24.004 24.004 .008 ::,7 62 59 57 62 57 58.7 
11 23.986 23.996 ,006 57 63 58 57 66 57½ 60 .2 
12 24.022 .998 .042 58 64 58 57 66 55 59.3 
rn 24 002 .988 24.o~a 58 60 59 56 60 56 57.3 
14 2-1.000 .mJO 23 .992 57 59 M 56 56 a5 55.7 
15 23.956 .942 23.970 56 61 60 56 60 57½ 57.8 
16 23 .968 23.966 24 Ol·8 59 59 57 56 58 56 56. 7 
17 24.008 24.U02 24.000 57 59 56 55 58 55 56.0 
]8 23.91'6 24.002 24.004 57 63 58 59 65 57 60.3 
19 .952 23 908 23.942 57 60 58 56 58 55½ 56 .5 
20 .972 .9eO .994 56 58 56 54 58 56 56.0 
21 .99;? .!J84 .996 57 62 59 57 66 57 60.0 
2-2 .9t'O .984 23.990 57 62 59 57 64 57 59 .3 
23 .!J84 23.990 24.018 57 60 59 56 60 56 57.3 
24 24.020 24.038 .056 57 61 6U 55 64 58 59.0 
ii :iii :i~~ :gii ;~ ~t ~~ i~ i~ g~ it~ ! 
27 .024 .008 .028 5\l 63 60 56 66 56 59.3 l 
28 .0'<2 .012 .Ol4 56 63 59 56 63 56 58.3 I 
29 .022 .010 .042 58 61 60 57 63 59 59. 7 
30 24. OH 24. 022 24. O\H 5\l 65 5\l 59 65 • 55 59 . 7 . 
31 2:L9\l5 23 .962 23.966 57 63 58 58 61 55 58.0 J 
-----··---- ---------
Total •••. 123.588 123.478 123.972 ........ ..•• •••. . ... •• .. 1763½ Hl20!, 1754½ 181.27 
Menn. . .. 23.981 23.98:i \ 23.!l9!l . ••• .••. •••• •••. .••• .••. 56.9 6:l.O 56.6 58.5 
23.!l!lll 58.5 
·a 
§ 
IC>. 
0 
.s 
0) 
s 
0 
~ 
5 
UJ 
~ 
0) 
E 
~ 
0) 
~ 
56 
54 
57½ 
56 
57 
55 
57 
56 
57 
54 
56 
55 
55 
5!'\ 
55 
55 
55 
55 
55 
!:4 
55 
56 
56 
55 
56½ 
51 
56 
54 
55½ 
57 
53 
w 
61 
~ 
~ 
w1. 
5i 
~ 
~ 
~ 
~½ 
w 
61 
~ 
56 
5~ 
~ 
56 
w 
5~ 
~ 
M 
~ 
59 
~ 
w 
~ 
6t 
~ 
w 
w 
w 
55 
58 
5f'½ 
57 
55 
58 
56 
58 
53 
57 
561. 
54° 
55½ 
53 
57 
55 
54 
54 
55½ 
54 
57 
57 
56 
57 
52 
561. 
55" 
55 
5i½ 
5:j 
53 
--1---
....... · 1 · ...... - ,~ ~~,~ 
. . . • •• •. . . .• .. . . 55.3 I 59.5 I 55.6 
56.R 
Thunder at 4h.30 p. m. 
Thunder at 9 p. m. 
Thund er at 6 p. m. 
Thunder at 8h.45 p. m. 
t,!) 
~ 
0 
is:: 
t_:rj 
t-3 
t:rj 
0 
~ 
0 
t-4 
0 
~ 
>-' 
m 
QI 
Re:,ister of J/ete:>rological Oburoatiom-Cootinued. 
~ •.... I Clouds. Winds (well defined .) 
1 .... M. 1 2P. M , 
Date. 
- 9 p, .M. I 7 A. JI[, 
..; 
Coora, I ~ lm,a, TI~ inrl~. g ·g E : ~ · - 0 
. ~ ""' 
br~~~~i~~- ~~~;.r ~ .2 I I ~ I .f I I J Course. , ! Kinds. ! Course. ! K. 
----·1-----, -- ---------, , ·-- ,---- ,-- ,----,--,----,--___ , ___ , __ 
Sept. l U!O p. m .. l.40 p. m.. 2 1857. I I I 
3.45p.m .. 4p.m .... . 
2 10 .45 n. m 12 m . . •. . 3 
'2.4:ip.m . . 3.:!0p. m . . .... . 
6 45 p . m .. 8.30 p m • . 
! \·-1:io·p:~:: ·<i::ci·p: ~: . ig 
5 ,J..~ n. m.. 5 n. m.... 7 
2.45p m . . 3.Sp.m ... 
4p. m ... 6 . 15p.m . . 
~ h :2.~·p:~~: : ·2::io·~:~:. 
5.10 p. m •. 5.J0 p m . • , 
6.2.> p m .. 7.15 p. m .. 
8 I. .......... . ....... ,. . 
9 , . .......... . 
10 
ll 
2 
6 
9 
1 
1'2 . ..... ....• ...... ..... l 
13 . .... ...... .... ...... 9 
H 3 15 n m .. 3 "5 n. m. 10 
:'> p. m ..... 5.30 p. m .. 
15 ...... ..... ...... ..... 5 
16 · ····· .... . • .•.. .... .. . . 3 
l - • -lb i::i>·p:~:: ·2:25·p: ~: :1 ·10 
19 ..... . ...... ............ 8 
,v ..... . H ..... 
s ...... . 
SE ...... I 2t 
SE...... 2 
SE ..... 2 
E-"E . .. . I l I H .•• 
S.S8 ..... I 2i 
SE. .... . 3 
W ..... . 1 I Cirr .•. 
SE..... . 2t 
~-~~-~~~:· : : : : : :1: ::: : : : ~ 
S. ..... . 1 . ..•.... 
~E...... 2 Fog ... 
SE ...... , 2 
l·sE·.:::: ... 2. ::::::::1 Stntionarl l . .... 'I' ...... . 
!J I N ....... 
10 ' E.NE .... 
s ....••. 
5 1 ESE ..... 6 ~E .. •••. 
9 { S.SE ... 
and N ... 
7 I ESE .... 
10 S.SE ••. 
4{ 
5 
5 
a{ 
S.SF. ... . 
S.S.E ... . 
s .. .... . 
S.SE ... . 
~E . .... . 
and S.SF.. 
5 SE : .... . 
,{ s ...... . 
anif E .•. 
10 I SE .... .. 
5 S ...... . 
5 S ...•. . . 
7 E~ . ... 
10 ~E. &SE 
]Oi s ...... . and E ••• 
2 
~½ I }M ...... 
2 
2½ 
i I! ....... . 
2½ 
1 
1 
3 
3 
H ...... . 
2 
~t I .l ~; : : .. · · 
2 f ... . 
2! 
l 
2 
21. 
2½ 
} ....... 
i, l'M::::::: 
2 
2 } ........ 
5 
10 
]O 
10 
} 6 
4 
10 
0 
0 
10 
3 
3 
10 
10 
2 
5 
s ....... 1 2 
:::::::::r·:::f :::::: 
::.::::::1::::: '::::::: . 
...... ········ 
... .. .. ........ 
:~::::]:::'.:: ::::::: 
NE .... I 2½ 
w .... I 2 
s .... . 
w .. .. 
w .. .. 
w ... . 
N .... . 
•.•••" I W ••• • 
...... w .. .. 
. .... . 1 w .. .. 
::::::r; :::: 
w .. . 
NE ... I 3 w·:::: 
in gusts. 
w .... 
l 
2 
1 
2i 
2 
2 
2 
2 
2 
'2t 
2 
~ 
~ 
1-3 
t,::j 
0 
~ 
0 
t'-4 
0 
0 
~ 
t,!) 
~ 
Rain. 
Date. I 
T;m, of I Time of 
beginning. ending. 
1857. 
Sept. 20 11.55 a. m . 1.10 p. m .. 
1.40 p. m .. 2.45 p. m .. 
4.40 p .. m .. 5 p. m ••••. 
7.15 p. m .. 8.45p.m .. 
21 ............ ........... . 
22 12.30 p. m. 1.30 p . m .. 
3.50 p. m .. 4.30 p. m . . 
23 1 p . m ..... 3.5p.m ... 
4.30 p. m. 5.10 p. m .. 
24 
··········· · 
............ 
25 8.30 a. m .. 8.45 a. m .. 
10.35 a . m. 12 . lOp.m. 
1.30 p. m .. 4 .50 p. m .. 
26 Great,•r part of last night 
till 6.::io a. ID, 
27 ........... ........... . 
28 
·s::io·p:~·.: .......... . 29 9.15p. m .. 
30 l p. rn ..... 2.35p.rn .. 
3p. m ..... 3.15p. m .. 
5.50 p. m .. 7 p. m .•... 
Register of Meteorological, Observations-Continued. 
Clouds. Winds (well defined.) 
7 A, M, 2 P, M., 9 P, M, 7 A, M , 
§ I I .~ I I § 1 .~ I § I 1 ·~ I I .~ · ] Course. ! Kinds. ] 
1 
Course. I Kinds. ! Course . ! Kinds. I I ] 
5{/w ...... , 1 S ....... 2 H .. , .. , l10 M .•.• . f Stationary1 ...... 1 .••••••••. 
2 I N ...... . H .. . .. 
H ... .. 
H .. . 
·1 I~ ·······1 E ....... 9{ s ...... 
and E.SE 
3 
2 
2 
2 
' IN ....... 10 , SE ...... 
~l ~sw:::I 1 2 SE ...... 2 Cirr .. . M ... .. 
7 
.t~~ .. 1 
10 I s.sE ..... I 2 10 I 
3 I \ V ...... I 2 1 H .. " I 9 • , ••••• , • • • • •• • . • • •• • • . . 10
1~ I s\;;ti~1;~;y
1
:::::: 'ii·.:::: ~l~ 
t SE...... 1 M •.... 5 
SE ••••.. I 2 
S. ...... 2 
E ...... . 
SE ...... ! 2 
s . .... .. 
SE ..... . 
SE ...••. 
E ..•••••. 
2 
2 
2 
} ..... .. 
}M .... .. 
6 
0 
10 
5 , 
8 
10 
J 
4 
5 
10 
9 
.. ... . .. 1 ...... 
:::::::r ::: 
.. ...... 1 
.......... 1 ..... 1 ........ 1 ... ......... . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 
I , 
E ....... 2 
...... .. 1 ... . .... . ... . 
·· ·· ··· ·1· ···· 
····· · · ·1 ····· · 
. .... ... , .... . 
2 P, M. 
= 
.S2 
~ 
i:i 
i 
f:! 
0 
i:.. 
9 P, M, 
·* ~ 
A 
. ..... ,. 1 ...... 1 W .... 
w .... 
1 ...... w .... 
.. ...... 1 ...... 
w .... 
1 ...... , ~ ::: 
I ..... 
I 
........ / ..... 
.,; 
C.) 
cl 
i:.. 
2 
2 
2 
•rotal .•••• \ " .......... \" .......... \~ \ .......... \ , ..... \_· ....... 1240 
l\'lean..... .. .. . .. . .. . . .. .. . .. . . .. . 5.6 ......... \ ...... . .. • .. .. 8.0 
.......... I~ 
6.0 
__ ··-~± · __ _!_~-
t,:) 
~ 
I:-:) 
~ 
trj 
1-3 
tr:! 
0 
l:Jj 
0 
t4 
0 
0 
~ 
H~ttw of lltttorologit:al Obm-tv.iizon&-Continued. 
f 
Darometcr. Psycbrometer. 
J'l:,y nf lhc - -------------------- 1 Thermometer iu open air. ,-------------------• 
month. i Hcigh1. __ ·-- Tberruometcr att. !____________ Dry bulb. J Wet bulb . Remnrk~. 
I 7 A , 'I, 2 p. )1, ~ !IP. )I. 7 •• )1. ' 2 !'. Y. , 9 P. :I{. I 7 A. M. 2 p. M, 9 P. JI\. l\lc11n. 7 A, M. I 2 P. M. 9 p. M. 17 A. l\[., 2 P, M. 19 I', Jll . -------- ---- ____ , ___ --- ___ 1 ___ ------ --- --------- --- --- --- ,----------
1~7. 
~pt. I 
2 
:s 
~ ... 
r, 
7 
~ .!.146 
.11:iu 
-~ 
.9i:? 
2-1.000 
2:Uli3 
.!1,0 
.IJ::5 
.~o 
24.0lti 
21 . u2g 
2J.!ISO 
.1140 
.9i0 
.!)64 
.9.>0 
.945 
.9.:,6 
.960 
.\Mi 
.lli:? 
.95o 
.\144 
¾4 
23.9!2 
.!142 
.9i6 
.9,4 
.mu 
.!li6 
.ll6'1 
.11~5 
-~~!5 
!l-LUl:2 
:H.004 
~.!152 
. ~13-1 
.97() 
.!liO 
- ~~ 9-1n 
.944 
.960 
. 9-b 
.9i:? 
.1162 
.P38 
.94-1 
. 93, 
.94ti 
.93 
.9 
23.938 
!li8 
.!ltiU 
.11~.S 
2UIO! 
23.t~2 
.\Ji: t-
!!-t.00-1 
2-Ull2 
2<1 .0:18 
23.99-2 
.956 
.9.6 
.9t8 
.9!l0 
.9;54 
.950 
.!liJ 
.96o 
. !liiO 
.9i:l 
.9i4 
.960 
.956 
. !:93 
. i-'60 
.960 
.9i-t 
.9i6 
.9,5 
56 
[6 
57 
59 
60 
5; 
59 
58 
Ji 
;:;s 
58 
5ij 
58 
59 
59 
5-; 
56 
f9 
.lb 
59 
~ 
55 
j8 
57 
59 
5-; 
56 
54 
53 
60 
63 
61 
64 
65 
65 
(\5 
63 
62 
63 
64 
65 
64 
64 
61 
6"1 
ti6 
64 
60 
63 
64 
65 
64 
63 
63 
6U 
61 
63 
6.1 
65 
64 
~ 
58 
59 
59 
M 
61 
59 
~ 
59 
61 
58 
56 
M 
59 , 
60 
61 
61 
~ 
59 
59 
60 
61 
60 
60 
~ 
59 
~ 
58 
e 
fil 
57 
56 
57 
57 
57 
59 
59 
56 
58 
58 
60 
57 
56 
56 
58 
58 
58 
57 
58 
59 
59 
55 
59 
60 
59 
56 
57 
57 
59 
59 
62 
61 
66 
66 
67 
68 
62 
64 
66 
67 
66 
69 
65 
61 
68 
68 
70 
57 
63 
62 
66 
65 
62 
67 
60 
e 
64 
64 
67 
63 
55 
56 
59 
56 
57 
59 
57 
57 
57 
59 
55 
53 
59 
57 
!:6 
59 
57 
57 
57 
58 
56 
59 
56 
~ 
58 
56 
54 
56 
59 
59 
58 0 
57.7 
60 7 
59.7 
60.3 
62.0 
59.3 
59. 0 
60.3 
61.3 
60.3 
59.7 
60.0 
~8.0 
60. 7 
61. 7 
61. 7 
57 . 0 
59.3 
5!1.7 
60.3 
59. 7 
f,9.0 
61. 7 
59.0 
58.0 
58.3 
59.0 
61. 1 I 
60 -3 
·;; 
~ 
I:!. 
e 
.!:: 
0 
e 
e 
! 
"' C:
s ;: 
0 
t 
li311 9i31Till1,93A ..... ... . ....... . 
. .. . . .. . . . . . .. .. 57:7164-:S 57 .0 -;;-:a 
59.8 
51¼ 60 51 
55 59 56 
56t 61 55 
56 61 55 · Thunder at 4h.15 p. m. 
57 62 55 I Thunder and ligh111i11g 
56 61 58 more energtuc tbru1 
57½ 60 56 urnal nt 5 p. m. 
56 57 54 
54 61 55 
56 60 58 
54 62 49 
50 61 52 Temp. at sunrise, 51 °. 
55 61 58 
55 5!;1 55 
56 61 55 
54 60 57 
54 6:! 56 
56t 56 53 
55 60 55 
57 61 55 Tbunderat5h.45p.m. 
57 61 55 
50½ 61 58 Temp. at sunrise, 411°. 
57 60 55 
55 60t 56 
57 59 57 I 
54 58 55 
54 60 52½ 
53 60 54 
55 60 58 Thunder at Sh.15 p. m, 
57 61 57t Lightmng nt 6/1.15 p. m. 
1651½ I 1€0::t !656 ----i--
fs.0!60~155-2 
56.8 
~ 
t:-J 
1-3 
t,;j 
0 
p:j 
0 
~ 
0 
c;::, 
~ 
~ 
'~ 
w 
Register of Meteorowgical Observations-Continued. 
Rain. Clouds. Winds (well defined.) 
7 A, M, 2 P, M. 9 P, M, 7 A, M, 2 P, JII, 9 P, M, 
Date. Ti~e ofbe- 1Tim~ of end-
gmning. mg. 
~ ~ ~ ~ ~ ~ iS i iS ~ ~ ~ 
;:; I 1-~ ~ -~ ~ -~ -~ · -~ I · I ·8 · g Course. g Kinds. g Course. g Kinds. 5 Course. g Course. g ~ g t o 1 ~ 
----1----------1--------- --- -- ----·------ --- -------------------------
1857. 
Oct. 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
l5 
16 
17 
1a 
"\Q 
5.45 p. m.:i-6:io p.'~:: 
·ii:sI/;:;~: ·i2:is·p:~. 
3. JO p. m .. 4.30 p. m .. 
5.10 p. m .. 7.30 p. m .. 
12.20 p. m. 1 . 15 p. m .. 
3 p. m ..... 3.40 p. m .. 
7.35 a. m .. 7.50 a. m .. 
9.15 a. m.. 12.40 p. m . 
3.15 p. m .. 4.5 p. m ... 
6 p. 111. • • • • 7. 15 p. m . . 
2.30 p. m .. 3.40 p. m .. 
3.25 p. m .. . 4 p. m .... 
5.5p,m ... 7.lOp.m .. 
l.lOp.m .. 2p.m ..... 
5.30p.m .. 6.l5p.m .. 
4 50 p. m .. 5,10 p. m .. 
6.30 p. m .. 9.30 p. m .. 
3.15 p. m .. a.25 p. m .. 
4 .30 p. m .. 5,10 p. m .. 
\l . \ 5a.m . 3p.m ..... 
3,30p.m .. 6.15p. m .. 
\,30 p. m .. 3.15 p. m . . 
10 I E.SE ••• 1 1 1 · .... · 1 3 SW... . .  High.
SE ...... 2½ Middle. 
4 Station'y ...... . ....... 
7 E.SE.... 1 ........ 
: 1 I :~:.-:.:; I • 1······· 1 Cir. s ....... 1 Middle. 
9 S.&SE ... 2 ........ 
10 
2 
0 
2 
0 
0 
1 
s ........ 1 2½ 
E........ 2 
S.SE..... 2 
N ........ \ ... 2· ;\t ·1·0 ;~d 
11 a.m. 
8 
7 
9 
9 
E.RE ... . 
E.S.E .. .. 
s ...... .. 
2 
2½ 
i: : : : : : : I · .. 2i · 1 · Hig~· : : : : 
• I •...... ··1 2t and E ... 2 
7 S.SE .... 2 
7 :5.SE .... 2¼ 
9 
7 
3 
8 
8 
s........ 2 
E........ 2 
s.. ...... 2½ 
:5E...... 2 
N. ...... 1 
s........ l 
7 I SE .... .. 
7 SW ..... . 
1 
~ 
1 j \ NE. hi_gh. \ \ atlO\ and 11 \ ~ 9 ~ \ N ....... 1 SE. mul . . ) a.m. S ) a nd S .. , ii 
2 
9 
3 
10 
s ....... . 
And E .. . 
SE . ..... . 
s ....... . 
2 
2 
2 
1 \ ···---- · 
7 
10 
s ........ 
9 I S E ...... 
io \ ~;;,iE: ·:. 
2 
2 
3 
6 
5 
8 
3 
10 
7 
0 
0 
3 
0 
4 
8 
3 
9 
3 
5 
3 
9 
s ........ 1"'2" 
S.E .... .. 
s ...... .. 
Is ........ 
2 
1 
2 
.. ...... 1 ...... 
........ ! ............. ..... .. 
:::::x::: :::::::h:: . 
w .... . 
w ... .. 
2 
1 
w ..... \ 2 
w..... 2 
w ..... 1 21 
w ..... \ 2 
w..... 1 
w .... 1 l 
sw .... 1""2i 
w ... .. 
w .... . 
:a 
9 
I'-.:> 
~ 
M,,a. 
~ 
t_rj 
~ 
t_,tj 
0 
~ 
0 
t-4 
0 
C 
~ 
~?~rtn~~: , ~:1~ ~: :::, JO 
~.~511• Ill •• , 9 Jtl p. Ol.. 
J.:.,n.111 .. ·l.15a.m .. 1 JO t<n. m. • ll .15n. u1. 
11.50n.m . 3.JOp.m .. I 
........ 1 J ••••• • •• , JO 
" · · " .. · · " .... I Fog ... ! 
s .. •.. ... 
and E ... . 
10 I N ..•.... . 
E .. • .••.. 
9 , s .. ... .. . 22 
: ~: ~ ~;: ~!:. t ro ~: : : : , 10 · it : : : : : · · · · j · · · F~g::: 
2:J ',, 5 . 1!1 p. m .. 5.:~ p m . . ~ 10 :3E . . .. . . 2 •. • • • . . . 6
1 
E.S .E .. . . 
21 ' J:l.3.'>p.m. 6.':?0p.m .. 1 4 N ..•• • ••. 1 High . . 10 :3.E .. . . .. 
7 . 4Up.m .. 7.55p.m • . ~ E . ...••• . 
26 2.5011.m .. 3.lup. m .. 3 SE ...... 2 •.•••.. . 9 s.s.~ .. .. 
2J 
l 
2 
2 
2t 
I 
2 
2 
2 
25 1 1~.:Wp. m. l!:! .35p.m. 1 1 . .. . .... .. ..... . .•..... . 9 S.········1 
4.20p.m .. 4.50p.ni. . E.. ..... 2 
27 .. . . . . . . . . . . . . . . . . •. . . . . 10 E .. . ... . 2t F'og.... 6 S.E. . . . . 2t 
!:?d I 1J.30n.m. 1'2.I0p.m. 3 SE. ..... . 2 •••• • ••. 9 S.E. ... . 2 
1
1 p. 111. • • • • 1.45 p. m . . ' 
1.55 p. m .. 3.-10 p. m .. 
29 ..... . . . ••. . .. .. • •.... . 3 W . ····-· 1 Hi!?b.. 6 S.E . •... 2 
s .. . ··· ·I 2 M iadlc. I 30 -t.lOp.m .. 4.30p.m • . 3 ~.~.E . . . 2 High . . 8 SE .••• •. 2t 
31 1 1:2.:lo p. nl. l!:!.4U p. m. 6 S.SE. .. . . 1 .. .. .. . . 9 S.E ... . . 2 I ,:2,55 p. m. :J.50 p. m . . 
' ·-1 -Total ... 1. . .. .. ...... . .... . ..... . 160 .. . ...... . ............ . 251 . ..... ... . • •••. 
-- --
1\J tnn .. ... . .. .. ... . .. .. ....... . 5.2 .............. . r ....... , 6. 1 .......... , . ... .. 
10 
.. . . .... .. 10 
3 
4 
3 
8 
10 
9 
7 
2 
7 
3 
......... I~ 
. ......... 5 .6 
Fog.,. , •••. •·· · 
s .. .... .. 
B.SE ... 2 
s .... ··· ·1 2t 1 ... . ·-- · 1 ...... . Station 'y •• .. .. lligh . . ....... . 
s ....... . 3 
..... . , ... . .... _ ..... . .. ..... . , ..... . 
..... . \ ..... . .. ! ...... . ..... .. 1···"· 
:::::: ::::::::l::::: \ v.::: : ..... i 
..... , ........ , ...... , w ..... 
I( 
ts., 
;a 
0 
t:d 
0 
t'4 
0 
~ 
t~ 
~ 
c.:n 
Day of the 
month. Height. 
Register of Mdebrologieal Observatwns-Con tin ued , 
Barometer. 
Thermometer in open air. 
Thermometer attached. Dry Bulb, 
' 
Psychrometer. 
Wet bulb. Remarks, 
7 A.M. 2 P.M. . 9 P.M. I 7 A.M. I 2 P.M. I 9 P,M, I 7 A..M. I 2 P.M, 
____ , ____ , ____ , ----1---1---,---1---1---
1857. 
9 P.M, I Mean. , 7 A,M. 12 P,M. 1 9 P,M. 1 7 A.M. i 2 P.M.19 P.M. 
1 
___ _ 
October 1 ~3. 964 23 . 952 23. 972 59 64 / fl9 58 67 
2 .960 .946 .954 58 64 60 59 65 
57 60. 7 
58 60. 7 
3 .948 . 948 .978 58 65 61 58 66 57 60.3 
4 .962 . 956 .973 59 65 60 59 66 57 , 60.7 
5 .972 .962 .992 59 63 ' 57 58 63 fi7 59.3 
6 24.002 .934 24.016 57 63 60 58 !J4 57 59 . 7 
7 24.006 .978 24.012 5tl 62 59 58 67 56 60.3 
8 24.0(•0 .!J96 24,015 57 61 58 56 61 56 57. 7 
9 24.01!2 24.014 2L022 57 64 60 58 64 59 60.3 
10 23.978 23.9:'lil 23.988 55 66 61 59 68 58 61. 7 
JI .9.'iO .9:\8 .944 55 6,'5 57 56 66 56 59.3 
El .934 .943 .945 55 64 58 58 64 58 60.0 
13 .933 .932 .934 56 65 61 58 67 57 60. 7 
14 .926 .910 .9:H 56 62 56 56 62 55 57. 7 
]5 .916 .923 .9'13 57 64 59 59 67 56 60. 7 
16 . 913 . 9.5:J • 972 56 63 60 57 65 57 59. 7 
17 .956 .936 .9fi8 57 6~ 57 58 60 55 57. 7 
18 .!J:lU .9:20 .930 56 60 57 5G 63 55 58.0 
]9 .928 .912 .9t6 57 59 58 57 60 56 57. 7 
20 .9,;0 .912 .9'51 58 59 58 56 58 57 57.0 
21 _94:J .912 .956 57 58 57 56 56 fifj 56.0 
22 .952 .9~l9 .9b2 57 61 57 56 61 55 57.3 
23 .972 .972 .976 57 64 f,9 56 66 57 59.7 
24 .959 . !l20 ,940 56 60 58 57 59 56 57.3 
25 .93·! .916 .938 56 61 61 57 64 58 59. 7 
2o .!J:H , .922 .959 57 6G 60 59 61 57 fiU.0 
27 .956 ·1 ,952 .980 60 64 61 57 66 
28 .!Jtl3 .9fi2 ~4.0()0 58 63 60 59 65 
29 . 1)80 . 954 23. 986 57 64 59 58 66 
::JU • 966 I . 9 10 . !J56 5\l 64 6 l 6 l 6;5 
31 .9fl .931 .95·! 59 63 59 62 ll4 
::::~.-.·.-.-.·.·. 1::-.:~\~·.::: !::·.::: 0000000000000000 ·.·.~--~-.-,~ :~~~--~~: ~:~~ ::~: I I 
59 60. 7 
58 60.7 
56 fiO 0 
60 62.0 
55 60.3 
176l IL843.6 
56.8 I 59.47 
23~--~ 5!1.43 
·; 
~ 
C. 
0 
.:: 
... 
~ 
8 
C § 
0 
-5 
a, 
"' 0 
~ 
OJ 
~ 
r I ,, 
, 1 
I 
1 
I 
I 
I 
I 
l 
M 
M 1 
w , 
M 
M , 
Mt 
M 
~ 
~ 
~ , 
51¼ 
M Ml ~ 
M 
57 
~ 
M 
55 
w 
M 
M ' 
51 
M 
M 
M 
~ 
w 
~ 
M 
63 
00 
00 
63 
61 
61 
~ 
60 
60 
M 
61 
~ 
61½ 
~, 
61 
61 
w 
60 
w 
~ 
M 
00 
w 
~ 
~ 
Gl 
61 
61 
61 
6>l 
w 
55 
55 
56 
55 
54 
56 
55 
55 
58 
57 
48 
51) 
57 
51 
55 
56 
54 
53 
55 
57 
56 
53 
56 
51½ 
57 
56;}-
5!:l 
5() 
55 
59 
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2.50 p. m .. 4 p. m ..... 
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N ...... .. 
6 N ....... 
3 
2t 
3 
3 
High .. . 
Mid .. . 
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. 1 1 23.982 I 23.984 2:u;es 58 57 55 56 55 55 55.3 r 56 I 55 53 ~ 24: ~~3 24 }'.: 1· ~: : ~J~ ~~ ~~ ~~ ~i ~! ~~ ~i: ~ 1 1 ~~ ~~ ~g 
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10 .!J40 ,!J;.!(j . 963 55 58 57 55 58 f>5 56 .0 I ~ 5;j 56 54 
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31 \ .918 .9;;8 _.1,,0 ,
1 
5~ 6:3 56 
1
_ 51 _Gu _ _ 53 , 54 .7 ! -~-~ -~ '.l' t:mp.at6.45a.m.,48 
l'otal.. , •. I 12'.!.467 \' 122.49:.! 12L,o7 I ............... \ .... . .. 1
. 16!l8 \ 1904 \ 16tJ:2 \1762 .2 \ ...... ' ................ 159~.sj 1803 .t 16U6 
\'l ean . .... 1-2-3-.9-50-6 \ 23 .\-1514 23.9\:iU ...... ....... .. \ ....... \ 54.8 I 6t.4 I M.3 \ rn .8 .. .. ... . ............. ITT71_ 5_8.2 51:-S 
I 23.9:-.4 \ I 56.8 53.8 
I ' 
2. 
o, 
1'. 
2. 
N) 
C,.)t 
NJ 
~ 
t1'1 
1-3 
M 
0 
~ 
0 
r"' 
O · 
~ 
~o. 3. 
Rccanitulation the occurrence of Rain during the d[-tferent hours of tlze day from 6 a. m. to 10 p. m . for all the month,9 
from J uly, 1856, to D ecember, 1851, ·inclusive. 
1856. 
July .•••••••••••.•.•••••••••••••••• . 
AUl!Ui:.t ••••••••••••••••••••••••••••• 
8, ptcm bcr .•.••••••• • •. _ •••.••••••••. 
October .•••••••••••• __ 
N o,·em ber _. _ .... _ .............. _ ... . 
Dccem bt:r ....... _ ............... _ .. . 
185i. 
,lnnt111ry •..•••.•... _ •.•.•• - .••• - .. _ .. 
Fcbrunrv .......... ----·· 
){llrCu : ••• .••• - ••••• --
April .. _ ............ . 
)(· 1 y ... - .... - - - ........ - ..... - - - ... -
June .........•••....••••••..••.••... 
July ............ --······ · ·········· · 
Au~ust---·······--···-··-··---······ 
September _._._ ............ _ ........ . 
t'ctooor - -- . - ·- -- - .. - - -· - . - - - - - - - -- . . N o,·cn1 her _____ . __ .... _______ . ___ . __ . 
Dccem !icr ___ . ___ . __ . _. ________ .. ___ . 
A. ll . ,_. _____ ..,.._ _ _____ 
o 7 8 9 10 11 
M. 
12 
,-
1 2 3 4 
P. M . 
J__ 
5 ·----8--9-~IOI f ~ 6 7 
h. I h. I h. I h. h. h. 
'z- I 4-j.i j 4/2 j 8 I 8 5 2/2 
3.f,.... 4f~ 8:?~ 7 -f2 7 -f2 3/2 
6fz I 5/IT 6 8 5f2 3-f.z 
h. h. I h. I I I  
3 3 I 3/2 4.,P\ 
2f2 3 I 212 ~ 1;.. , = 
9 
-- -- - 2/2 12 
I 
h. 
2/2 
2:f2 
l i12 
h. h. h. 
lj,z -l'I. l 
St4:! 2ih 1 -?:i 
_j) 
12 ----· -----
h. 
50:f:! 
53iz 
42/z 
5/2 4 ft 5fz 5-h 6/2 · !2 
3~ I 91'\ 8y22 6y22 , 3f2 j 3 
4/2 10:f'.! 12h 7/2 5-f2 51'\ 2A 1 •·---- ----· 
. --_ 11 1 11 1 2/2 I 3 3/z I 3.,Pli s-r22 I 3n 2-f-2 - . . . . . - - - • - - - - . - - - • -
---- f:! 1 2h, 2H 4/z s14z 101\ e~ 8f2 6½-& 5 1192 1 1 -f.2 
l 1 ·b: -h - -- - - -fz iz liz 1 b. iz i2 r\ · -· - - · -· -- ---· · 
1 2 2 I~ . - • - - - - - - -1 ·. --- ---. -- ------ --. --- r\ i'li /z --. - - -. --- -.. --
4,:~ 5½:a 3H 15,h 7 7 1,02 8.f-J 10,& 9 4½:½ 7 4/;z 4,liJ 3h Itt 
3 I' 31~ 21.\ lfz 31"2 5-h 4 3½_½ 4152 3I22 3/z 4H 3i2 3r\ In -... -
1 . 3i~ 2g 5h 4 212 5 ¼ 6H 5r1':J 5-b 2p2 1 2 H ____ _ 
2 212 1212 4-:i\ 4y42 3 5/z l-rz I 9/z 10/r 71:{} i -l.J. 4-/;,! 41"2 3/2 I~ 
---· -- 3-- f..! i'z /z 2fz l/2 4H 4H 21¾ 3-iz 'll2 2f.>_ 2 1fz i.12 
. - - • 12 1 1/2 21\ 3/'! 5/'! 6~ 
1 
7-i!':! 9l! 4H 5/'! 4£2 2/2 l f 2 1 
-- - · - ---- lx¾ ,---~---·--- I lr2 I 3 I 3tz 4l,? 4-l.! 2-b, 11':s i'l --·-- _________ _ 
---· ' ··-- T --·- _Lf-;i 2/2 4H 4-y~ 4-f'! 4/2 2£'! ½:g -f2 _ tz 1 1~ --·-- ____ _ 
1,., 21. 
1 
s,., 
1 I -h !2 41 lf2 2/2 2 l 
6i2 
·f-.z 
/2
I 
5:f2 2/2 1 
--- - - ------ -----
59:f2 
36½£ 
6ti-f2 
251:\ 
63 
7,_12 
6-f2 
9<1H 
51/2 
551¼ 
Sin 
2!lf,s 
5i l'.! 
2Uf.1 
26f:! 
---
'fot.nl ----·--------·--·------- -1121:~22/2 l25f:! l3-1-f2 ,39f2 53/2 75½:} 101-rz ll2 / 2 100/ 2 76H 66-h 38f2 3lf;i 18,fz · 6fl? 8l!i,6 
\ m :h m. 'h. m. I\ m. h m ,h. m. \. m h. m. I h. m I h. m 
l[eno. ---- ____ - -·- --- --- - ••••. 10. 4:1'1. 16 11. 25 I. .;5 2. 12 !.. 57 L 13 5. 37 6. 16 5. 36 
h. m h. 111 h. m. h. m. h. m. h. m. h. m. 
4.16 3.41 2.8 1.44 l.2 0.21 45.21 
~ 
~ 
ttj 
0 
~ 
0 
t-4 
0 
Q 
~ 
~ 
°' <:.,:) 
Month. B. ESE. SE . S.SE. 
____________ , ___ , ___ , ___ , __ _ 
1857. 
June ...... • • • .. • .... • · • • .... 1 
Jul ; ••... , •••• . •.• ,.·········· 1 
August ............. , ••• •···" 1 
September ••••....•..••••••• · 1 
O~tober .••••••.••••••••••••. · 1 
November .................... 1 
1 
... io .. 4 
14 5 
5 
.... 2 .. 
11 12 
.... H"1·· .. c 
................ 
1 3 
5 
12 
1 
6 
... rl .... c. 
.. .. is .. 1 •••• 6 · .. 
1 
1 
7 
6 
12 
2 
19 
17 
7 
5 
1 
6 
l 
l 
7 
5 
.. ··i2·· 1····2·· · 
Course of the Clouds at Colonia Tovar. 
_s_. _J s.sw. ,~~-f_v.sw. __:_ 1 w.Nw. 
........ i Ii l':::y <:+::::::i:::T 
6 ........................ 1. ..... . i r .... i... i 
1 ................ , ....... . 
14 
........ , ...... .. 
25 
........ , ...... . 
l 
18 
1 5 
... i"· :::::::: .... i. 
l ....... . ....... . 
.... i ... ""i"· .... 8 .. . 
2 ........ 1 
NW. N.NW. N. N.NE. NE. E.NE. I 
! 
--- , ___ , ___ , ___ , ___ ,---i----
2 
1 
l 
····~::r::: ... 
2 
2 
2 
2 
1 
l 
11 
l 
1 
4 
6 
2 
1 
l 
4 
.... .... Hi,::h . 
I Mirldlo • 
........ 
1
1 
Low. 
....... High 
2 1 Middle. 
.... .... I Low . 
1 High. 
....... Middle. 
........ Low . 
~ I :\~~ie. 
........ Low • 
:::: ::::I ~ii~1:i1e . 
....... ' Low . 
l High. 
1 Middle. 
........ Low . 
December .................... { 11 
3 
··· is·· 1···· 3·· · 1 ·· ··io· ·1:::: :: : 
................ , ....... . 
.... i ... :::::::: .... ~ ... , ........ , ........ 12 2 2 7 3 Middle. . ... .... 
1 
High • 
Total •.••••••••••••• •• l 1 34 
66 
101 
2 
1 
30 
22 
53 
1 
98 
9 
108 
415 
2 
36 
6 
44 
4 
97 
8 
109 
2 
3 
5 
2 28 
l 
10 2 29 
6 
30 
1 
2 
..•... Low. 
3 
9 
=:1-, = 1~1-3 ,-30 ,~-
2 
1 
1 
8 
20 
2 
High. 
Middle. 
Low. 
I 
1.-..:> 
01 
"'* 
~ 
~ 
.-3 
~ 
0 
::,:, 
0 
~ 
0 
Q 
~ 
No. 6. 
lla{l·haurly Bnrumdrical OwenYilicm,, made u:ith a t:inc lo find out the amount of Daily .Amplitude, and the precise hour at which the maxima and the minima take place. 
The numbers marked thus (•)are the maxima and the minima of the day. 
0:ttl', 19.1..M, : t • !ll.1.,M. t 10.1.,)t.tlOjA,:ll,t 11.A,M,t llljA,M,t 12:11. i 3P,M, i 3½P,M, ~ 4P,M, i 4½P,M. i 5P.M, t 5¼P-M, ,, 1 6!' , M, li ! Ampli-
1 .:: I -= = -= -= .s::. -= I -= .s::. -= -= -= -= .: t ucte. 
I I C" I E-< E-1 1 E-< E-< E-< E-< E-< E-< I E-< E-< I 1E-< E-< I E-< 
1~7. ~--1- ,- - -- -,- .-,-----,---,--1- 1-1- ·------
36.0:2:? 1 .... 1 36.C62 ;... :l6.0i7 .. 1 36.057 1 .. 1 S6.039 . . ••••• ••.• . 1 ......... 35.575 .. 35.539 .. 35.517 1 •. 35.506 .. 35.513 1. . .•. •.• .. •••. ••• .. .581 
June tu :!3 .966 56 23.97!! 58 2J.9i8 'i9*23.9i:3 ,60. 23.981 61 .................... 23.!:124 62 23.918 62 23.!:112 621 23.!:IO!:I 62*23.908 61 23 908 60........ ... .075 ll * .920 60 .9:20 ' 61 .917 til .917 r62 .919 6~ 23.916 63 •••• •••. .. .898 63 .896 62 .888 63· .884 63 ~ .880 6: 23.e84 62 .••.• , . .. .040 
)2 :;3 00.:i I 61 ' :23 9,5 I 61 23.!l::O -ii 23 .981 ,61 * .984 61 2J.980 61 •••. •••. •. ,!J40 62 .!139 61 .936 61 1* .934 61 ,936 161 ..•• ••• . .. •.•. •••. .. .050 
}3 *24 .0(15 5:; , 2-1.005 59 2-1 .004 59 24 .003 59 .996 51! ..•. •••• .. •.•. •••. . . .948 60 .943 60 .!:140 60 .* .936 60 .940 6( . .. . •••. .. .• .• •. .. .. .069 14 1 ~ .!1:,0 l 59·. 2:.ui:;s 6.0 j'. :.13.990 60 23.9i-;8 60 .988 ·, 62 ........ •. .... ...... .9-19 62 .942 61 .939 60* .!:135 60 .936 ,6( ·••·•••· .. ,.......... .0:-5 
15 .9C:l 67 I .96t! I ~.s I .!Hi9 :9• .9,3 60 .970 (63 .... .... .. .... ...... .936 63 .930 63* .924 62 .925 ,61 .925 ti( ......... 1.... ...... .04!} 
10 .97•• 5t! I .9i6 rn .118:2 su• .se9 61 .!!&! 62 •••• .•.. •. .... ...... .954 64 .953 63 .!15o 63 .945 62* .94o 6~ .•.. ••.. .• .......... .o49 
2:i ,9'jlj , 50 .985 59 • .9i,9 'i9 ' .9$4 160 1 .983 °60 ........ ,, ••• , ••• , •. • .!135 60 * ,935 60 .940 60 .944 59 ,948 5L ............ , .... .. .054 
29 I . ll<JU I 5; .!193 ; 5i ·,· .!JtJ5 ;;-; , .993 1:x,: .990 :;;9 .••. .... .. •••• .... .. .952 5t .!140 58· .!132 58* .9:tl 58 .9:13 5; . ....... .. .... .... .. .063 
30 .9~ ~ .!1::2 5!1 .t:i-4 59,* .965 60 · .!!&> 61 •••. .... .• .... .... .. .937 6:l .93-1 63 .928 63* .9-24 63 .9-25 62 .... •••. .. .••• ... . .. .061 
1 I I 
T o ull .. '" '! i5.iJ9 , .... 75.b!.'6 • . :' 75.665 , .. j 75.853 j .. 75.623 : .. j .................... j 74.948 .. 74.1'69 •. 74.806 .. 74.774 .. 74.784 ............ 1.... ... . .. 1.146 
l r.an •• ••• • 1 23.tl:63 . .• . ' 23.9'JOtii , ••. :•:2a.119-2£1 .. 1 23.99:?3 .. ~.!1907 1 I 1 23.9446 .. 23.9405 .. 23.9372 .. •2.1.9352 .. 23.9360 .......... , ............ 0603 
I I I '. I I I 
a= 
t:rj 
t-3 
t:rj 
0 
pj 
0 
t""' 
0 
a:) 
:< 
t-:) 
C,;1 
Cl 
No. 6.-Half-hourly Barometrical Observations-Continued. 
D te 19 A M I ..: 9½A-M,I ..: lOA,M , ..: IO½A-M.
1
1..: llA.M..: Ll½A,M ~ 12M, -: 3P.M . ..: 3½P.M, 'ii 4P.M . ..: 4½P,M. 1..:15P.M. l..:15½P.M,1..: 6P.M, 1il Ampli-
a · · · ~ ~ ;; ~ ;. _c ~ ~ = ~ 1 ~ ~ .c: tucte. 
8 8 8 IE'< 8 E'< .... ;;... "'" E'< E'< i:-1 i:-1 i:-1 
-------- - - - ---- --------- ,-- . ___ ,__ 
JuiJ
657
" 1 23.96~ 58 23.963 58 ,23.963 58*23.967 15s 23.967 5!' 23.964 60 ......... 23.928 ~0*23.9'M ~o 23 924 ~9 23.9~0 5~ *23.9:~ ? ·::· ... .. .......... .043 
2 .mb 59 21.004 61 24,0IL 62 24.010 6:2 21 .0 10 62 ....... .... .... ,. .. .947 13 .936 12 . 932 !ii .927 61 .9:!J nO 23.930 6) .... •.•• .. ,086 
3 .910 59 2:1.912 60 *23.!!73 6123.!!~3 102 23.97 ·~ 6 ......... ........ .. .932 i4 .930 o4 .!!21 63* ,912 63 .922 61 ...•••. .. .. ........ .05L 4 .935 58 .938 59 .939 till .9~0 16.i* .!J43 6 . 23.!!40 62 .• .. .... .. .!JUJ 32 .8!J6 i2 .891 6·J .t-91 6, " . 889 61 .... .. . .. ........ .. .054 5 ,9fi:-I 59 ,23 .964 ~O .96~ ·?9 .96_1 159 • .96~ ~(J .••••••••.••••••• _. •• .9~~ !2 * .92~ ~2* .Y~: 62 .92~ 6:1 . !J2ci ,~:2- ..• •••. .. ••.• •••. .. ,046 
fi .996 58 :21.1101 .,8 .Y96 :,8 .993 5>:S .!J92 :,t ... .... .. . ••• .... .. .93- ,l .928 ,O .932 61 .!J32 161 .9J2 [)I .... .•• . .. ..•. .... .. ,073 7 .958 59 23.9.'\!-I 5!) * .96U 59 .9~3 16u .951 61 , . ....... .. .... . ... .909 ii .904 30 .903 60* ,!JOO 161 .902 61: .......... ........ .. .060 8 .9511 5tl .!!54 58 * .962 59 .962 6J .959 5~ .... .... .. .... .. .. .922 i2 .916 ·>2 .910 H .Y08 fil * .1'06 61 23 .907 61 ..... . •. .. .O.'i6 
9 .9~6 58 .948 59 .950 5Y * .954 60 .!J5:1 60 .. ... .. . • .. ... . .. .. .926 H .924 H .923 61 .9H 6 1 .Y20 Ill 2:UH6 61 *23.914 60 .040 
lO .960 59 .970 60 .971 60 .978 61 ~ .980 61 .... . ... .. . . •• .... .. .944 i4 .fl33 i4 * .9:r2 ii3 .9'.l2 62 .934 6:2 .. • . . . .. •• •• .... .. .0~8 
ll .982 61 .988 62 .991 62* .996 61 .988 61 .......... .... .... .. .950 51 .945 j[ .942 6l .910 161 •• 936 51 23.940 61 .... ...... . 060 
12 23.9!!6 56 23.996 57 *23.Y98 57 23.996 57 23.994 57 .. .• .... .. .... .... .. .960 .;9 * .Y4e 19 .952 .'i9 .952 59 .952 -'i- 23 .958 'i8 ........ , .. . 050 
13 24.022 59 24.025 58 *.24.026 58 24.024 59 24.021 6! ' .................. 23.980 i2 23.976 ii 23.968 611*2:l.966 61 .968 61 .... •. . . .. .. •• .• .. .. .060 
14 .036 59 .040 60 .040 6U .043 61 .04;J 62 '24.045 63 24.043 64 24 010 ii3 24.006 33 24.000 63 24.002 63 .9!J6 62 *23.992 61 23.996 60 .053 
15 21,036 6~ 2L038 61 };i1,04L 62*24.04~ 63 2~.04~ 6:, . ••••••. ..• ••••••.. . 23.988 t~ 23.984 ~~ 23.9?~ 6:i 23,9?8 62* ,9?~ ~2 • .976 61 ..... : •• 1.. .068 
16 23.992 6·. 2:3 994 62 23.996 62 23.99;1 61 23.99.J 61 .. .. .... .. .••• •.• . .. .957 o:J .951 '>3 .9;>:. 63 .9;>2 6J ,9;>lJ o'2 .917 62 23.900 62 .049 
17 24.000 58 24.003 59 24 .0:12 60 24.004 60 •24.005 6U 24 000 oU ..•• •••• .. .946 i2 .942 52 .9:37 63i°' .93.j .62 ,936 6.1 23.940 62 .•.• .... .. ,070 
18 23.9Y6 59 24.002 61 \!4.008 6:2*24 lllO 62*21.010 fi~ ....... . .. ....... .. .944 64 .941 i4 . 940 63* .93."i 62 .940 i3'2 . ... ...... ........ .• ,075 
19 .994 59 23.996 59 *23.Y96 5!J 23.996 5'l 23.994 6L .... .... .. ..•• ••• .. .952 .:i8 . 946 59 .941 59 .93t! 5!1 * ,9:n 59 23.940 ">9 ..... ... .. .059 
20 ,972 59 .Y74 6l * .975 61 * .975 6: .972 fil . ... •.. .. .... •••• .. .936 60 .93:2 -il .9'24 60 .923 6U .922 iO * .920 60 23.9-24 59 .055 
~~ :~~t ~~ :~~~ ~i. :m ~r :i~~ ~i :i~~ ~~ ::::::: · :: :::: :::: :: J~~ ~~ Jt~ ~~1* :~:~ ~~* :i~~ 1~r :m ~~ -~3:~~~- ~~ :::::::: ,:: :g~i 
23 .954 59 .!:.l.54 59 .!160 61' .962 61 .Y62 6:1 23.959 6:2 ........ .. .921 61 .914 iii . !JIO 59 .910 5\J .910 .'i8 *23.9C8 'i7 23.909 57 .7.34 
24 .962 57 .Y72 f.8 .980 58 .984 58 23.983 5~ *2:3.986 513 23.982 58 .936 ii .930 iii .928 61 .92:.l 611 * . 91:! ,jlJ .Yl2 .'i\.l •• .. •••• •• .0~4 
~~ 21,984 59 23.!J9g 60 23.994 fi(J .~3.9!:J~ 61 \ 24.00~ 62 *24 .002 ~:2 24.000 61 .9~6 ~3 .948 ?:3,. .9~:o! 6~ .938 6 1 * .93-2 ~I 2:l.934 61 .... •••• .. .ozo 
1!6 24 000 58 24.0U:. 59 24.006 60 :-4.00J 60 . . 006 61 24 .003 tiO . . . • . •. . . .9.14 '>3 .915 1.i .9.l6 63 .Y40 6.1 , 94ll 6·l .. . . •• .. .. . • . • •• • . .. .0 , 0 
27 .004 58 .Oll4 59 .004 5Y* .Ol~ 601 ,008 61 . •••..•. . ......... .Y70 i:l .!J6i ii .960
1
6:3* .950 62 .!J5·} n!, ........ .. .... .... .. .OtH 
28 .OU8 59 .012 60 .015 60 * ,Ol(l 61 .Ol4 6 . ... .. .. .. ...• .. .. .. .Y62 53 .9.'i2 i:3 .!JH 61" .!:145 6~ .948 o2 .. . . .. .. .. .... .... .. .071 
29 .004 59 .002 59 004 59 ,007 59 .006 5t *24.010 60 24.007 6U ,!J81l 3:l .9i4 )2 .971 61 .97ll 6 1 * .!J6:2 i \J 21.961 'i9 .... .. . .. .04d 
30 .021 59 .0·~4 60 * .02'\ 6U . 021 61 \ .02~ 61 21 021 62 ....... .. .9tl0 11 .976 i1 .974 64 .9i3 6:J .97.! o:J •23.970 61 2f.980 61 .O.'i5 
31 .0:22 60 • .02:) 60 ,* .0:25 till .0:20 61 . 020 62 ... ..•. .. .... .... .. .964 i O .954 iO * .947 tiO .Y48 60 .Y52 ci UI ........ .:..:_ ....... _:.:. ,Ui8 
Total. ..... 123.546 .... ,23. 618 \ .... 1\1:!3. 710 . . 1123. 737 .. 1123. 715 1.. . • • • . . . . .. . ........ 12~.36 I .. 122. 11:H .. 112:!.075 .. 12:L0213 \ .. 12:L 001 . ·1 · ... ...... / ........ /.. l. 855 
Mean ...... 
1
23.985 .... 
1 
2:1.9886\ .. •· 23.9!Jll6 . . 23.9915
1 
.. 23.99J8 ...................... \!3.94,J .. 2J.94lJ .. 23.9J79 .. 23.93641 .. 23.9::155 .......... ·· / ···· ····!-- .05!)8 
N) 
01 
O':> 
~ 
t,,rj 
~ 
~ 
0 
~ 
0 
t-4 
0 
~ 
,-..i 
~ 
O> 
No. 6.-UJlf-hourly B!lromdrical Ob;en-atiom-Continudd. 
na1e. 9.1..ar. l i j9JL~- 1 t 1I0.1.~ i JlOJ.&..M-,; ll.1..)1. 1,: illJ.1..M~ 12M. t 3P.M. ,i
1
3jP.)I.,; 4P.M, i4½P-M-i 5P.M. 1i l5¼P-M-~~16P.M 0 \t\Ampli-
~ I t t, I ; [:. t t ~ ~ ~ ~ 8 ~ t< tude. 
1857. ,--1-------1------,---.----1-----------i- --------
i\ui:. I N.000 60 21 01·2, 60 24.01:l o ·.*:H.075 it *2-1.01:i l,;1 , !14 .014 61, ...•.. . ... 23.90.·4 1n3 23 94~ i2 23.911 (ll *23.941 61, 23.944 611 . .•• .•. . . . .•• . . . . . .074 
23.97:, 5!1 2J.9i.6 5!J. 2:J.11"!1 o 2J.986 iUl*:.?3.9&1. \; 1 *23.9d9 61 23 .9:!4 6'l .942 6:! .9:l7 3 .934 63 . 9:J8 62 * !12:; 62 23.928 52 23 .934 cil . 061 
.11d4 s1 IIN 63 .!l&3 ,n * .9113 H .ll!l:! i3~1 .9!12 o4 .986 64 .9t1 162 .92s 2 * .!l24 fi2 * .924 o:i .924 s1 :13.9-26 01 .• . ••• . . . .069 
.9i6 61 ,!!:,.:I lil .990 ~I* .9!13 H .99J Iii •••• •• • • . . •• • •• . . . . 930 64 . !13J i4 * .924 64 .924 63 .928 63 . . . . . . . .. ••• . . . .069 
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No. 6.--Half-hourly Barometrirol Observations-Continued. 
~ COA. M-,i 110½ A. M. I ~, 11 A. M-1i1ll½ A.M.~i \ 12 M- ,~ I 3P. lI. Ii 13½ P. M-1i 1 4 P. M. ,i 14½ P. M. li 15 P. M-1t 151 P. M- 1~, 6 P. M-1t1 Ampli-
.c .c .c -= ~ ..... ..c -= ..c .c -'= .i::: .s: tude. 
E-! E-! E-! E-! E-< E-< E-! E-< E-< E-! ~ le< E-! 
___ , ___ ,- ,---!- . ------ - -----,----,------------ ------------------
Date. 9 A. M. I i I !li A. M. 
~ 
se:i~57 • I 23.970 60 23.978 61 23.986 62*23.9!:19 J62 23.989 63 23.986 531, ......... 23.933 62 23 .924161 23.920 60 23.917 ,59*23.916 58*93.916 58 23.921 ·57 
2 .!J61 59 .964 60 23.974 60 *23 976 160 23.972 59 .•••.. .. . . .. . . .. .. . . .!J25 60 .922 60 * .918 60 .923 60 .920 5!J .920 5!1 23.1130 59 
3 23.992 59 23.996 5!J 24.006 61 *24 .010 61 24.008 62 . ... •. . . . . .... .... .. .959 64 .947 64 * .!J44 64 .948 164 .941:l 64 ................... . 
4 24.003 60 24.010 61 .020 6:.! .021 63 .020 63*24.025 64 24.021 64 .!J68 65. .960 65* .954 64 .954 63 .!'55 6 23.958 62 '"" ' ·· .. 
5 ,0:!8 61 * .039 62 * .039 62 .038 62 .034 6:- •. . ... .. . . ........ . . .!184 65 .91<0 64 .976 64 ,973 64 * .972 63 .984 61 ......... . 
6 .014 61 .019 63 ,022 63 .025 163 * .030 64 24.027 64 .• .. •. .. . . .968 65 .962 65 .953 64 ,953 64 * .948 63 .952 63 .•••••.... 
7 .000 59 ,002 59 .010 60 * .012 _6 1 ,008 62 . .. . . .. . .. .... ••• . . . .952 63 .948 6~ * .948 63 .948 163 .950 62 .954 62 ......... . 
8 .OG8 58 .010 59 .018 59 .021 /59 .021 60 *24 .022 62 .... •. .. .. .978 63 .972 63 970 62 ,968 62 * .!162 61 ,964 61 •••.•••. . . 
!I .010 60 .024 61 * .03:a! 61 * ,032 61 ,032 62 .032 63 24.031 63 23.980 63 23.978 63 23 .976 63 .972 63* .971 62 23.975 6 •••••·· · .. 
10 ,042 61 .045 62 .048 62* .054 ,62* .054 62 24.051 63, .......... 24.(106 64 24.005 64*24.000 64 *24.000 64 24.00-2 62 24.002 6,2 ........ .. 
11 24.054 62 *24.058 64 * .058 65 .055 64 .052 65 ..•.......•••• , ..... 23.986 64 23.980 64 23. 972 64 23.972 64 *23.970 63 23.970 62 23.975 61 
12 23.993 60 23.994 60 24.000 62*24.002 63 24.000 64 23.994 64 .•••••.. .. .940 64 .938 64 .930 63 .930 63* . 9-28 62 .................. . 
13 .965 61 .966 61 23.970 62 23.972 , 62*23,973 62 .970 631.......... .919 63 .916 63 .916 63 .915 6:J* .914 63 23.916 63 ........ . . 
20 23. 980 61 23 988 62 23. 992 63 23. 996 163 *23 . 998 63 23. 996 621. . . . • • .. . ' . 942 64 . 938 64 * . 932 64 . 934 64 • 936 63 . 942 63 • • • • • . . . . . 
21t 24.008 62 24.016 63 *24.018 64 *24 018 64 24 .012 64 .. . . . .. . . .... •.. . . . ,958 165 .952 65 .948 651* .945 65 * .945 5 .945 64 .945 63 
22 24.000 61 24.013 62 24 .014 6J *24.018 63 24.016 63 24.l1l2 64 ...... .. .. .944 ,63 .942 63 .937 631* .934 63 * .934 63 .934 62 .934 61 
23 23.978 62 23.986 63 23.988 63 *23.990 63 23.989 64 23.989 641 23.980 64 .926 ,64 .918 63 .916 63 .912 63 .912 63 * .910 63 .911 :J 
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26 .99t 58 23.994 58 * .996 58 .995 59 990 58 ....... ··1""' '.... .9:36 I .930 61 ,923 61\* .920 61 .922 61 .924 61 ........ .. 
27 .984 60 23.988 61 .995 61 * .997 61 .996 61 ... . •. •. .. .. .. .. . . .. .930 62 ·?26 ti2 .926 62 .9-24 162 .92-2 61 * .9-21 61 .923 60 
Total. .. 83.948 •••. 84,070 .... 84.164 .. 84.198 \ .. 84.16:l ...................... 82 .992 .. 82.886 .. 82.802 .. 82.782 , .. 82.765 ...................... , 1.485 
l\1can ... 23,997 .... 24.003 •••. 24.0078 .. 24.0094\ .. 24.0080 ............ 
1 
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No. 6.-Half-liourly baronutrical ob~n,alions- Continued. 
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No. 6.-Haif-hourly Barometrical Obsenmtions-Continued. 
Date. 9A, H, o, ,!JfA,M, 
.c 
E-1 
l I IO UI. Ii 110½ A, MI~ 111 A, M. lllll½ A,M-1i 12M. Jil 3P.M. ,i,3}P.lll.l~l 4P,M. Jil4½P,M. Jil 5P,M. ,i,5½P.M. ,i, 6P,M. ,t, Ampli-
.c .c: - .c .:: .c .c .c tude. 
E-1 E-1 E-1 E-1 E-1 E-1 E-1 E-1 
--·-•-,---•-•---,-, ___ ,_, ___ ,_, ___ ,_, __ _ 
1857. 
NoY. 1 
2 
3 
4 
5 
6 
7 
23.979 
.98') 
.962 
.965 
.986 
.959 
.944 
59 23.986 
60 * .986 
59 .968 
60 .972 
59 .992 
59 .965 
62 .952 
59 *23.993 
61 .986 
60 * .973 
60 * ,976 
60 * .993 
60 * .974 
62 * .954 
59 23.990 60 23.98-g 
62 . 980 62 . 976 
fil • 9i0 fi2 . 966 
61 . !H6 61 .974 
61 .992 61 . 9f6 
63 .971 63 .9fi8 
62 .954 6:.1 .952 
60 .••• ,, .. . .•.•.• . • · 
'\2 •••• •• : . .. . •••••• •.. 
62 . ....•... .•••. ... · · 
6:2 23. 968 5:, ........ .. 
63 ... . ... . ........... . 
,;3 ...•••.... . ...•.•... 
64 . ••• •••....••••••. 
. 940 fi2 .9:14 63 . .. . . . . .. .. .. . . . .. 
.997 65 .994 65 SJ3.Y88 6:'i ...••••.. 
23.916 
.904 
.900 
. 904 
.923 
. r98 
. 8Y8 
64 23.91 I 
62 .896 
63 * .897 
li4 * . 901 
ti4 .923 
64 .895 
61 .898 
64 23 910 64 
62 * .892 62 
63 . tl!J7 6·J 
6:l .901 ri2 
64 . 92:1 6 : 
64 .e93 64 
64 .892 ti:.1 
23.906 
.8!J3 
.898 
.902 
.920 
.f-93 
. 8!J2 
63 *23. 905 62 
62 .894 62 
62 .t-98 62 
62 .908 6:/ 
62 * .918 62 
64 * .89~ 63 
63 .892 62 
23.908 162, •••••••. , .. 
2:dgs' ltii l::::::::1:: 
23_9jg· fi2 ·2a:!i2u· 62 
.892 fi·l ....... . 
. 890 61 *:!3.888 fiO 
.87'1 63 23.t!t!O 62 . ...... .. 
.088 
.091 
.076 
.075 
.075 
082 
.06G 
8 
9 
]0 
11 
.942161 
.936 60 
.988 62 
.941:l 60 
.948162 
.940 61 '* 
.988 63 
.956 61 
.953 lfi:, 
!J4a "' 
. 991 F5 * 
.958 621* 
. 9:561651* • 9!\816-'il 23. 948 164, . .. . .... , .. 
.960 5;~ . 960 ti4 .958 64 ........ .. 
.890 15.·a 
. 8134 14 
. 924 o4 
. 899 31 
.885 16:·1 . 892 '6~ 
.878 64 * .874 64 
.915 63 * .915 ,ti4 
.895 64 .892 61 
.rn2 ln1 
.876 64 
.917 ti3 
.1::96 62 
t .890 60 
. ?861611* .88-t f; I 23.886 60 
.P-20 o:· .. .. 
. 894 61 23.889 
.074 
.069 
.082 
61 '23.887 1601 .073 
t23.~8 59 
12 .930 60 * .934 61 * .934 61 .930 6:3 .!J29 63 23.920 64 .• •• ••• • •• .862 6:i .860 64 •. ~52 611 .856 63 .f-56 16'2 23 . 857 61 ... . ... . 
13 .916 60 .920 61 .928 6:J * .934 R1 .!l30 64 ..•• •.• . .. .••• ••• . . . .858 6:.J .852 63 .852 6.i * .850 62 .852 6~ ..... ... . ... ..... .. 
14 .948 61 .952 6·J * .9~6 63 .949 63 .947 63 ••. ••.. .. .. .. ••. . .. . 880 63 . !:68 62 * .864 62 .864 ill .868 61 ....... . ........ .. 
15 .980 60 . 982 61 * .986 61 23.984 fll .91.'3 61 .••• •• .. .. .••• .... .. .91 8 62 .912 62 * .91 l 6:1 .912 62 .9 16 62 ...... .. .......... .. 
16 .988 58 .994 59 .999 60 *24.(100 61 .997 61 .... •••. .. ... ••. .. .922 ti2 .918 6 * .914 62 .920 62 .9'2:J n2 .................. . 
11 .980 58 * .9o3 !59 .982 6< , 23.982 fi l .974 iii . • •• •. •• .. .••• •••. •. .904 62 .899 62 * .898 62 * .898 62 .1100 51 ...... . ...... .... .. 
18 .981 58 . !!86 5!J * .9!l5 m "":·3 995 61 .992 11 .. .. .... . . ..•.. ... .. .923 6;J .922 6:• .917 5:1 * .916 i:./ .919 6 1 .. .......... ..... .. 
J9 24.00fi 58 24.013 :i8 24 . 019 59 *24.02I ;is.I 24.020 'i9 24.018 60 ......... 23.97fi , :i 23.966 63 .964 63 .!l:i9 1;;1 * .9 ,7 62 23 . 959 6:J ......... . 
20 .047 60 .052 61 * .058 nO .058 61 .053 Ill .......... ........ 2~.006 61 24 .00-2 n3 .947 6·.? .997 62 .996 61 * .994 liO 23.996 60 
21 24 049 59 .050 59 .052 61 .054 6] * .055 61 24.050 61 ......... 23.984 63 23.980 ti3 .978 63 .976 62 .97'2 61 .970 59 * .960 :>8 
.082 
.Of4 . 
• 092 
.075 
.0!:16 
.085 
.079 
.064 
.064 
.095 I t;?3.9U2 58 2-2 23.985 57 24 000 59 24 . 010 61 24 . 010 fil *24.011 61 24 .006 61 .••• .... .. .9H il'? .939 fi2 .934 RO .93:3 til•* .932 i!,; .935 !59 .•• • . .. . .. .079 
2:J 23.981\ 60 23.988 60 *2:l.991 fiO 23.!l9l fil 23 991 61 23.984 61 ••..•. . . . .924 'i:.l * .922 6·1 . 9·23 61 . 9-24 ti l • .!122 61 23.9:.14 61 ..•.•• •• •. .069 
21 24.005 59 21.010 60 *24.014 fil ' 24.014 fil 21.014 61 24.011 61 . ... ... . .. .966 tj:i . 958 fi'.1 .955 6·! * .950 6 . P52 6 .... ... .. . •.. ...... .064 
25 .014 61 .014 61 .012 61 012 fi'.J • .018 65 24.015 65 24 .010 65 .964 53 .954 63 * .943 6;J . !J46 6:J .944 fi2 23.948 61 .••. •••• .. .075 
26 24 .012 60 24.018 fiO 24.021 61 *24.0:26 fi'l .020 61 1....... .......... .9:i6 ~:i .954 64 .954 li4 * .953 ,i3 .954 fi:l .9ii6 63 . .. .. .07:J 
27 :23 . 9!13 56 23.\.197 57 23.9\J9 c,7 23 .. 999 'i~ •24 ooo 'i8
1
23.995 5~ . .•. .... .. .939 6:.! . 934 62 .9 '0 6 1 * .930 fil .930 6 .932 61 23.934 60 .070 
28 .9i4 57 .980 59 .981 fie• .9.90 60 2 l.!l8S 61 • • • • •• • • . . • • • ... . .. .Y32 r,3 . 9:!J 02 .924 6:? .9·~::! r, 1 .9:?2 ~!J •23.918 59 23_920 58 .012 
:29 23.970 57 23.\170 57 23.974 5t' *23.978 'i9 23.974 ~9 ••• .•.. .. .••. ••.. . . .920 'i i .912 fi * .91C 61 .9i2 fi l .!J14 fi(! .. .. .. . .. .. .. •• .. •. .0fi8 
30 \t4.002 1~56 24.002 56 *24 .004 5i *24.004 'i7 24.0UO 17 .••• •. .. .. .... ... . .. .946 61 .938 61 . !J36 611 .932 fi0' .93() 60 23.936 60 .... ... .. ..074 
::::: :·.·.·.·.\ :::: 1 ·. ·. : : ::: I •. ,'.:::::~\ ::: ::;, I 1: :: : \::::: :: : . : : : : : : : 1: :: •• 1 :: ::: •• ::: ::, : : :;; ::, ~ ';; :::, : : : : .•:: • : :,: : : : : : . ~;: 
t 6¼ p. m. 
I'-.!) 
Ci;) 
0 
~ 
t,j 
~ 
t:,:j 
0 
bj 
0 
t-4 
0 
0 
~ 
NI). 6. -Half-hourly Bar ·rical Obatrt.'<lliona-Con t inued . 
Dutt. g ... . )1. I i I !Ii .... 'l l I IO .... X-1i ilOi .+..)J I! 
---- ___ ,_, ___ , _ ___ 1 _ ___ -
11 .i.. M. t lli ... . M. t 12 x. i 3 P. :ru:. ~ 3i r . x . i 4 P. M. t 4¼ P. M. i 5 P , M. t 5i P . M. t I 6 P . u. .: I Amp!I-
~ t: ~ t ·t:- ~ t. t ; I t lulle . 
. ----- 1-- -- .-,- ,-1- ,-- i-1- -- 1--
l8S7. 
Oec. 4 2-1 . 0.'H 
5 .064 
6 .l·~ 
1 .o::s 
s •:2u1os 
11 2J.9i~ 
lU ~.!1,6 
JI :~-1.ou.; 
12 ~1.0lti 
6, 0 ·2-L O~ I 6,' \ f•:H .05, •. ~ ·5 ·",·24.(!5'5 ~.j 24 . 0.'i~ ~.? ...... .. 1 .. ...... .. .. ' ~:l S90 6-1 , ~~ -983 631 ~ . 9~:) ~:·1?3 !)7t ~3 ~~.980 631' ...... . . . . ... . . . .. .. l',08:l 61 . OGS 61 ' . 061 6:.! , . 069 .,,, .062 13 ..... .. . ............ ~3 9!10 60 23 . !l!IO 6l l ~3 986 ol 23 .9t!- bl 23.9t!-I 61 , . . . .. • . .. . • .. • • .. . . . !kl7 
;,9 065 b0 1* .069 6:2 ,* .Ob!I 52 . 066 ;5-3 .. . ..... ..... .... . . *'24 . 006 63 24.006 62 24 006 6:2 24 .(108 61 24.009 6U . .•• •••. .. . .• . .. .. .. .061 !>!l .0-10 6G 1 ~o 6ul• .041 :i 1 .039 1.,3 . .. .. . ... ......... . . 23.98J 6-1 23.980 6.i*23.!Ji8 61 2J.9i!O 61 23 9ts2 6u
1 
. ...... ... ' . ...... .. . 063 
~ 21.tOi 60 I 24.0(;6 ol ::?1.003 51 24 Out til .... .... •. . ... .... •. .9H 63 .944 6;j • .942 61 .942 61 .9-12 61 23 .945 til . ... .... .. .066 
~-9 23.!h3 61 ·2].9ro f62_ 23.!1~5 "~. 2:! .9~ 61 .... .. .. . . . . . . ... ... .934 63 •. 916 62 .929 621 .929 6.1 . 930 02, . . .. ••• I-- .... .... ,.. .060 
56 *13 9..'-U 56 *23.9t0 156 23.!175 .1; 23.9iU .;6 .... .. .. • • .. ... ... •• .92-2 5\ . !l:H 5i * .920 58 .92 l 5b .924 [17 .... ... . .. .. .. .. .. .. . 060 
!>6 ~4.010 I Sil 2-1.015 :56:•2-1 .0lti .k 24 Oil i8, . .•• .. .. . . .• .. •• .. .. . 9.iO 58 .9-16 5!1 ,* .946 591, .946 59 .95\J 59, ...... • . .. . .•• . ... .. .070 
::u 21.0-:2 , :iY .•2-1.0-24 ,59 , 24.0-23 ->!- :N .O:?I 59 .. ....... , .. ..... .. .960 1001 . ~ 5!1 .!154 5!1 • .953 5!! .956 58, . ••• .... .. .••• . . .. .. .0,1 
• . . • 36 .231 I" .. j 3ti.2-l3 . · I 36 .237 . ·1· 36.206 .. , .. ..... ... !-. . . . . .. . . 35.6i9 I •• • 35.654 I .. 35.641 I .. 35 .635 .. 35.657 i ... . ... I.. .. ..... I.. .622 
l tcnn . . ... I ~-1 . 0-21 I·· . :H.O-l6 .. . . ,•2-1.0-:n !"I 24.0:?G;· . . 2-1.11·2:1 , .. j ........ " !"" ...... ~.96·1 .. 23.9til6 .. 23. 9601 :-- • 23 9594 .. 23.962 .. . •.. ••• . .. .. .. .... . .<!691 
No. 7 . 
tan Baromttrical Heights of all tJie half-hourly O!>uroalions madt i11 1857, compiled chiefly from table Ko. 6. 
-----r ,... i .. ;. ...... IOA + ... ·.1 llu~ • • • ,~ 1,,," I"·· I···· 1 ····r .. 
1as;. I " - · 
23.~ 24 Oil 21·.0135 •2-t.01-15 24 .0143 24.0115 23.971 2.1 .959 23.954 23.9515 • *23.95P l 23 .9.53 23.994 
:~ it~ ~:~~ •::= •~ ::t ~t= ::: :~:i~ :t';~ :i3;~ I • :~ii! •.~~ :ii'6J 
.!186 1 2·1.013-2 2-l.0176 2-l.019i *2-t .0-213 2-1.0:lll . 981 .9643 .f600 .9558 • •. 951 1 * .!15-15 . 997 
.965 ~3 !1!17 :H .003 2-1 . 00713 *2-1.0094 N.01•80 . 963 • .95:'! . !l-17 .9-t,1 .!l-120 • .9112 .9tl l 
.95.:> 23.995 2-1 . 001 *2Lt,{).'l 2-1 .00-t 23 9:J95 .9-F . 931 .927 .!1256 • .9-215 .9:!.'i3 .967 
.939 :!J !Ii~ 23.~:l •:! J.9872 ·:?3.9:i.i:? :.?3 .!b5 .936 . !r2-2 . 917 • .91-15 •.91-15 1 .91 -t i .917 
m t1er •.•. • ••••. .. .••••• •• • •• ••• . · · •··• 1 .!*~:? 2-1 021 2-1.u:'6 •2-i o-.n 2-t.0-263 2-1.02.:J .9i6 .~4 .9616 .9611 1 •.959-t .962 . !J; 
To1al. .... ... ... .. •.•... ..... ... . . . • :H ,";46 I 19l.9~ I_ 192.0-2~ 19_1.0f-li 19-2.0-tG~ ! l9-2 . tJ2~ 31.694 I 19l.5c40 191 M84 . 191 .5256 , 191. 51b5 191.5.?2:2 , 31 , IHO 
,Jtoan ••• .......... . .......... . ...... . !.?J .9e; I ~.l&,,1 i 21.0029 2 1.00.i6 ·:?U'OC-b ! 2-1.0U:16 23.962 23 .94~ I 23 .9435 ~3.9tU7 23. 9396 1 23.9-lU3 23.Y,6 
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No. 9. 
Mean Amplitudes of the Barometer, computed from table No. 6, for periods from six tg six successive days. 
ay •••• ••• .• •••••••••...•..... • .. 10 ll 
16 17 
22 23 
29 30 
ne ............................... 4 5 
10 11 
(16) (17) 
(2'2) (23) 
28 29 
ly ..••.•••• ····•••• ....••.•••••.. 4 5 
10 1l 
16 17 
22 23 
28 29 
gust ••••••••••••••••••••••••.•• . 3 4 
9 10 
15 16 
(21) (22) 
27 28 
,tember •••••• ••• •.•••••••.•••••. 2 3 
8 9 
(14) (15) 
20 2l 
26 27 
tober ...•••••.••••••••••••••••. 2 3 
8 9 
14 15 
20 21 
26 27 
ivember ..•••..••..•...•.••••••.. 1 2 
7 8 
13 14 
19 20 
25 26 
ecember •..•••••••••••••••••••••. (l) (2) 
7 I 8 \ 
Days of the month. ~ Mean am-
plitude . 
12 
18 
24 
31 
6 
12 
(18) 
(~4) 
30 
6 
12 
18 
24 
30 
5 
11 
17 
(23) 
29 
4 
10 
(16) 
22 
(28) 
4 
10 
16 
22 
28 
3 
9 
15 
2l 
27 
(3) 
9 
I , 
13 14 15 . P60 
19 20 2l .070 } 25 26 ·21 .068 
] 2 3 .066 } 7 8 9 .064 
13 14 15 
. .... :"56: ... } (19) (20) (21) 
(25) (26) (27) .......... ..... 
1 2 3 . 0597 
7 8 9 . 0548 I 13 14 15 .05ti3 
19 20 21 . 0625 } 25 :!6 27 .0633 
31 1 2 .0645 } 6 7 8 .0657 
12 13 14 .0688 } 18 19 20 .0696 
(24) 25 26 .0755 ) 
30 31 1 .0750 
f 5 6 7 .0677 11 12 13 .0660 (17) (18) (19) 
.... ":0153". -} 23 24 25 
(29) (30) (I) .0760 } 
5 6 7 .0810 
ll 12 13 
.0779 ~ (17) 18 19 .0858 
23 24 25 .079':! } 
29 30 31 .0892 
4 5 6 ,0817 } 
10 11 12 .0743 
16 17 18 
.0835 } 
22 23 24 .0725 
28 29 30 
.0720 l 
4 5 6 ,0773 
10 ll 12 .0650 
* When computed from tbe four ,,nean ampliturles. 
t Whe n computed from the twenty si-ngle amplitudes. 
t Wh e n co1nput.ed f'roLn the t,vo ,nean an1p litude 13 . 
} When computed from tbe nine single a1nplitudes. 
Mean. 
' 
.0600 May •••.•• •.• •.......••••... . •... 
.C690 
.0650 June •..•.••••.•••••••••••••••.... 
-
.0580 
.0555 July . . .. ~ •••...•••.••••••••..• . .. 
.0629 
.0651 August •..•....•••••••••......•.. 
.0692 
*.0710 
t .0701 September ................ ...... . 
.0763 
.0785 October .••••••.•••••.••.••.•.. 
.0818 
.084'2 
.0780 November ...................... . 
.0780 
i,0746 
.0738 
.0650 
December ....................... . 
Ne.>,.•c .-~he day• in. pa.ren\l,c•e• ore do.ye on vvhlch t was unable t.o mnke observnti.ons f'or wnnt of' ti1no, or days on which r wn.a n.bscnt f"rorn t.1om0-. 
\'.l'thly mean 
amplitude. 
.o 6 
.o 3 
.o 8 
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.o 
.o 825 
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METEOROLOGY. 263 
CARACAS, July 16, 1858. 
Under date of January 10 I sent you my meteorological register 
for Colonja Tovar, for seven months ending with the last day of De-
cember, 1857, besides some other observations on the meteorology of 
that region. 
The inclosed registers, which I send you this time, extend from the . 
1 t of January to the 5th of June, 1858, for Colonia Tovar, and from 
the 16th to t.he 30th of June for Caracas. 
On the 6th of June, after having sold my little property, I left 
Colonia Tovar, the place where I had lived for more than f ur years, 
and moved to Caracas. I am very sorry to ay that on this journey, 
jn endeavoring to measure some of the higbe t points of the dHficult 
and dangerous mountain road, the barometer was accidentally roken, 
and hence the barometrical observations end with the 5th of June. 
In February last I attempted to make a complete set of half-hourly 
barometrical observations, but after proceeding with this task for 
seveu days I was compelled to leave off for want of time. The pre -
ure of business at preAent also prevents me from sending anything 
more on meteorology this time. 
A. FENDLEF 
lugisto <f ltleteorowgical Observatwnsfor Colonia Tovar, Venezulla, from Jan1.ta.ry 1, :o June 5, 1858. 
Barometer. PFy~hrometer. 
Thermometer in open air . 
Date. 
Height. -----;-----;-----i~:-:---1 Dr}! bulb. I-----;----.---- I 
''---------s,--------;----1-----.----;r---- ~I~ I~ 
7 .~. M, 2 P, l\l, 9 P, M. 
Thermometer attached. 
7 A, M. I 2 p. M. I 9 p, M, I 2 A, l\l, 2 p. M, p, hi, Mean. 
Wet bulb. 
Ja;,858' 1 23. 976 23. !J80 24 . 024 55 65 55 l 54 64 52 56. 7 . .. • • .. • .. 52 6: 49 
2 .998 988 24.006 53 61 58 t,3 59 55 ~5. 7 ... .. .. .. . 46 58½ 55 
3 ,984 .972 23.974 56 60 54 56 59 51 55.3 . .. .. . . . . 53 5:.! 49 
4 .964 .970 . 978 52 64 56 51 63 53 55.7 .......... 47 52 48 
5 . 962 . 9.:l2 . 992 54 64 55 55 63 52 56. 7 ... , , . . . • . 52 • 52 49 
6 .998 .976 .998 5? 63 57 I 53 60 55 56 .0 . • ... ••• . 51_½ 59 5·i 
7 .98ll .972 .996 53 60 56 55 61 53 56.3 . ... .... . 46 57 51 
8 .960 .984 .974 53 60 50 53 59 47 53.0 ...... .... 48 55 37 
9 .950 . 960 .!!82 50 61 54 I 49 64 50 54.3 ........ • . 46 58 48 
10 .960 .98~ .9~8 50 61 5? 48 65 53 5?.3 . .. • .. ... . 47 59 52 
11 .970 .976 .9,U 52 59 5,3 51 57 53 53. 7 .. "' ... 47 55 42 
12 .944 .9i8 .982 50 61 54 50 60 52 54.0 ...... •... 48 57 48 
13 .96(; .972 .972 50 62 55 49 61 52 54 .0 . ... •• .. . . 46 56 49 
14 .9.50 .970 .9.'i6 49 62 53 49 63 50 54.0 ...... ... . 42 5ti 44 
15 .9;l0 .966 .960 51 64 5:J 49 65 49 54.3 . .. ... .... 45 58 44 
16 .9:35 . 964 .976 49 64 54 4~ 63 5 1 54.0 ...... ... . 43 55 48 
17 .942 .952 .%8 53 59 57 51 59 53 54.3 ...... ... 49 55 52 
18 ,912 .912 .950 54 59 56 54 58 52 54. 7 . .. .. .. . . . 52 55 51 
19 .956 .950 .974 54 61 58 54 60 56 56.7 ... ....... 52 53 55 
20 .984 .980 24.000 56 60 59 55 61 57 57,7 .......... 54 58 57 
21 24 .0~8 24.020 24.022 58 63 59 I 59 62 58 59.7 .......... 56 fi7 57 
~~ ~t gi: 23 : ~~~ 23 : ~ig ~~ ii g~ i ~~ ~~ ~~ iu : : : : : : : : : : g~ g~ ~ 
2~ .!!56 .956 .9~0 56 65 57 I 60 67 54 6U.3 .. • .. .. .. . 49 57 51 
2;) .968 .964 .9 14 56 64 54 56 64 52 57.3 ...... .... 44 57 46 
20 .966 .956 .966 53 60 55 52 57 51 53.3 •.••.• .... 50 55 49 
27 .958 .970 .978 52 6J 54 53 61 51 55.0 . .... ... . 49 56 48 
28 .962 .9::.6 .966 5:! 61 55 52 6~ 53 55.7 .... ..... 49 58 51 
29 .9;':,6 ,950 .98J 53 62 59 1 53 64 56 57.7 ......... 5L 58 55 
30 .%8 .978 .990 55 62 56 54 63 5.1 55.7 . ... .... 52 58 4!J 
31 .962 .976 .972 53 61 55 53 61 52 55.3 .......... 48 55 4!J 
Total. •. 122.939 123.104 \23.4·lC> ....... . . .............. \ 1641 1916 1636 n:u.o .. .. .... .. 15~0.5 1744.5 1545 
Mean... 23 966 2:1.971 23 .981 .••• •.. . .••• ••.. .••• •• .• 52.9 6l.8 52.8 55.8 ...... .... 49.0 56.3 4\l.8 
23.913 ------- 55.8 5.1.7 
---- ·- - -
Remarks. 
Temp. at 6¾ a. m. 50°. 
Temp. at 6½ a. m. 51°. 
TPmp. at 6½ a. m. 18°. 
T emp. at I>½ a. m . 48°. 
T,rn1 p. at 6 .40 a. m. 48° , 
Tenip. at 6.40 a. m. 48' . 
Temp . at 6.40 a. m. 47°. 
Temp. at 6 .40 a. m. 45°. 
Temp. at 6.30 a. m. 51 •. 
Thunder at 7 p. m. 
L"-!> 
0-:, 
t,+:-
~ 
t_:rj 
'""1 
~ 
0 
~ 
0 
t'"' 
0 
0 
~ 
R~dn' of Jl~l Obta-t'Q'/uma-Continued. 
R'lin. I Clouds. Winds. 
Dnte. I 7 .... M. I 2 P. H. I 9 p . Id'.. I 7 A.. M. I 2 P. M. I 9 P. M . Tu.ne (!l'be- , Timc ofcnd-
I .;., .... , · .;_, . ...; >. · 1 g § § ~111111ng. 10g. 
)li.,tl. 
l'l.'l.Sp.m l 15p.m .. J11n. I •· ··· .·.· ·· .. ··1· ··"'·"'·"'· 
\lSllr,.111 .• 5.5p.m ... 
6,I0p.m •• 7.15(1 in •• 
II n.m .... l:.!.l5p.m. 
!!3 .. .......... . 
~ .. 
~ 
= < 
1 
2 
4 
2 
5 
.. , 
3 
1 
2 
1 
4 
0 
0 
0 
0 
0 
0 
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Course. ·= Kwds. c Course. .::: Kinds. c::i Course. .::: Kmds. ·.-:: • ·~ 
1 
· ·.-:: · 
U ::, 0 () CJ a,) U G) t.> <I> ~ s 2 ° I .£ f ~ ~ ~ ~ ~ ~ ~ > ~ > i=; ~ o ~ o ii! 
..~ ..... .. 1· ...... :l ... _. .... 1 9 ! sE .... . .. t 2 .......... j o .......... 1 ..... ... ..... . '1 .............. !. ....... · ...... w ..... l 2 
\\ . . . .. . . 1 Higher. 10 SE.. .. .. 2 Fog...... 10 ............................... . 
2 1 NE ...•. .l 2 2 Higher. I 4 E . ....•. 
2 1.... .... 4 XE ...... 
~ 1:::::::: 1g ~:tL, 
\Y .••. ··1 l l Higher.I 9 N. &. Sl!:. 
:"-.. . ... l .... .... 9 ~E ..... . 
~: .~E.. .. 2 , .. .. .... 8 t-:.~E, . .. 
E.'.\'E, .. 21 1 . ....... 9 SE.&:l:\E. 
SE ..•.•. ~ 
......... ······ ········ · s-1-;...... 3 
:-\\'., .• •. 2 
SE...... 3 
w . ...... 2 
~E ...... ~. 
""· ••• • . • 2 
W.:lW •. • 0 
Hieher. 
Mir!Jlc 
Hi::hn. 
Middle.I H1:her. 
ll1::her 
7 s .. ···· · · 10 
ti 
5 
3 
7 
8 
3 
10 
9 
7 
5 
7 
~E ..... . 
-.: ... .... . 
'\E .... .. 
$E .••••• 
:>.E ••••. 
E.BE .. . . 
~w ..... . 
SE .. .••. . 
::;~; ... ... . 
$E .• •••• . 
SE .. ..•.. 
::,E ...... 
w .... .. . 
SE .. . .•.. 
w· ..... . 
\\ ....... . 
SE •..... 
2 
. ......... 1 
2 ... ....... 
2 
2 .......... 
2 
···· ·· ···· 
2 Middle .. 
l ........ .. 
2 ........ .. . 
2 .......... 
2 .......... 
n 
·········· l 
······ ···· 2 
2 
···· ····· · 21 
:!t 
2 Higher ... 
2 Middle ... 
2 , .... .. .... 
3 . .......... 
3 ........ , . 
3 . ......... 
2 I Hii?her ... 
~· ; ~:~,'i'!.~::: 
2 H i~hl.'r ... 
:.?t , Middle ... 
0 
0 w .... 2 
0 
3 
1 ::: :::1:::::::: :::::::· ·::::: ::::::::::::: If::::::::~: 
0 
l 
4 
0 
0 
0 
0 
...... ........ ... .... ,· ····· ······· ·,···· · w. ... 2l 
::::.:::: :~)~::~)ii! :~ii:J:):: :~!:): ~~~;}~;:;~;: 2 
I::: :· .. :::: i::: : : : i: ::: : : : . . : : .. : .. : : : : : . : . : : : : : : : : : : : I ~~: : : : : ~ • 
0 
0 ... .. . 1 •••• :::: .~:::: : •• ~ •• :::.:::: :::::J;"i.:::: ····r 
2 
2 ~::::::r :::::· W, .... 1 ,v ... . ~ 
10 
10 
9 SE- .•.... 3 
W, fOJ? i .... 2. 
9 
8 
3 
SE . ..... . 
SE .••••• , .? : : : ::: I:::::;;: : :: : : :r ::: : : : : :: : : ::r;,::: :+::;: 
~ 
tij 
~ 
t,1:2 
0 
l,:::! 
0 
t"'4 
0 
Q 
~ 
N) 
~ 
c:;, 
Rain. 
Date. 
Time ~f be- JTime. of end· 
gmnrng. mg. 
C: 
::, 
0 
s 
-< 
7 A , 111. 
Course. I b 
·c:; 
.£ 
> 
Register of Mdeorological Observations-Continued. 
Clouds. 
2P. M. 9 p. M• 
I Ki"''· j 'i: ::, 0 
s 
-< 
i 
I Ki"''· I ] I Cou'"· I 
i, Course. I 
·c:; 
.£ .£ 
> > 
7 A. M. 
I Kiod,. , = 
I I 
-~ a5 
f <J 
~ 0 fa.I 
Winds. 
2P. M. 
c 
0 
·~ 
i5 
~ 
c5 
r;;. 
9 P, M. 
§ 
·~ 
0 
a3 
8 
0 
II<, 
l----·--1---1--1----1--1-.---1--1----.--1---1---1--1---.--,---,--
1858. 
26 2 15 p. m •• 2.35 p. m .. 
Jan. 25
1 
.•••.•••••. 
1 
........... . 
6 p. m ..•.. 6.20 p. m .. 
27 
28 , .••.••••••.. 
29 J•••• •••• •••• 
30 
31 
8 1 W . ..... . 8 N ....... . 
4 SE .••••• 
5 •••••• · .. 
1 
1 
10 
E ...•••.• 
Total .•. 
Mean ... , .......... .. 
....... ···· 1 102 1 .. ···· ... . 
........ .... 
1 
3.3 ...... . 
2 
2 
2 
2 
Higher. 5 
10 
6 
7 
5 
7 
8 
. ••••••• , 2~0 
SE .•••••• 
E .••...• 
SF.l ••••••• 
SE .•••••• 
SE ...•••• 
SW .••.• 
s ....... . 
2½ 
2 
2½ 
2½ 
2 
1 
2 
2 
6 
5 <:::::::::c::: 
~ 1::::·.: :::: :::.: : 
88 
........ , 7.1 1 .......... 1 ...... 1 .......... 1 2 . 8 , ...... ......... . , .... . ... ! ...... .. 
I 
........ , ...... w .... . 
,v .... . 
w ... .. 
,v . .. .. 
w .... . 
w ... . 
w ... .. 
2 
2 
2 
2 
1 
2 
2 
t..:> 
a;, 
cr;:i 
ls:: 
l:j 
., 
l:j 
0 
l;d 
0 
t-4 
0 
0 
~ 
Untc. 
1~-
Feb. 1 
~ 
3 
4 
5 
6 
' b 
II 
10 
ll 
]':? 
)3 
14 
15 
16 
1i 
I 
1 
.Rtgi~er qf .Mtlmrologicol Ob..sen,a/ions-Continucd. 
BRrnmcter. Psy..:brometer. 
Thermometer in open air. 
Height. Thermometer auachetl. Wet bulb. 
Rmnarks. 
Dry bulb.
1 
I 
, •.•. 2, .•. "'··· , •.•. ·····19····1 , .. _. . .I ···~· I 9, .•. I """· I ___ 7A..M. , 2P.M. L 9P.M. : _______ _ 
23.llSO 23.99'3 24.0-20 5-1° 62° I 58° 55° 61° 56° 57.3 ,...... •••. 51° 53~ 53° 
'24.0llO 2-t.01:.1 24.006 55 63 53 56 63 49 1 56.0 •• ••• • . ... 54 56 4'J 
23.9~ 2·L0l6 2-1.030 52 65 55 53 64 54 57.0 .• •• •••••• 41 55 50 
21.013 2-1 . 018 2·L0-18 54 60 56 53 60 53 55 3 ..... •.. S'J 51 51 
~-t 035 24.0:B 2-1.0-2-l 55 60 54 53 62 !H ~ 3 . • .. .. .. .. 52 55 49 
':?·t.1~~ .~-1.01_8 ~3.9116 ~ 63 ~ 54 63 5~ 56.7 1.... ..... 50 52 48 
23 9,5 _J.\l:iO :.:l.997 54 61 55 54 62 5:. 56 0 . . . .. . • . .. 52 58 50 
.\IH .966 ~.99-t 58 62 59 58 62 58 59.3 .. . .. . ... 54 57 5G 
.96-0 .9W 2-1.00d 57 63 60 58 63 58 59.7 ; .......... 56 59 57 
.9,t! .9i7 23.9i8 58 64 58 58 ' 65 55 59.3 I. ......... 56 61 54 
. .. . .. .. .. .. .. .. .. • .. .. 54 62 56 57 3 . . . .. .. .. . 52 58 53 
. • . • • . . . . • • • • • • . • • • • • • . 53 63 5J I 56. 3 .. • .. • .. .. 50 60 51 
::::::·::::I::::::::: ·:::::-:::::::::::::::,::::::: 5 ~ ft H! i:::::: l! ~ i! 
... ............... ........... , ....... 1....... ..... .. 541 61 5,-, 56.8 . ......... 50 55 52 
. .. .. . .. .. ••. . . . . . . . . .. .. .. .. .. . .. . .• . • ... . .•• • .. . . 53 63 55 57 .0 . . • . .. • .. 49 60 53 
. . • • . • . . • • • • . . . . . . . . . . • . . • • • • . . . . • . . . . . . . • . . . . . • . . . . 55 64 55 1 58 0 . .. • .. . . . ::2 59 ~ 
~~~)~)):~~~ii:)~~)~~)):~:~)) ::ii~~~~ fil ~ ~ gj ~))) il ti * 
..... _ ......................... . I .. ····· .... .... ....... 52 69 52 57.7 .......... 1 44 57 45 I Temp.nt6la.m.48o, 
:: :::::::. ::::·.::::: :::::::::: .::::::: :::::::: ::::::::1 u :i ~ ~g:~ :::::::::: :: ~~ ~ 
.... . . .. . • :?3 .9'.!I :?3.915 I 50 65 57 51 60 55 I 57.3 .... .. . 47 55 50 
~.IK't 23 .llOo ~.910 54 61 55 55 60 51 55.3 . • .. . .. . . 51 55 49 
----------------------------------------1-----
Toial. .• ~ . ..... . . .. , .... ..... . ......... 1 .. . ..... 1.... .... ....... 1539.5 l77L ' 1500 1003.4 .•• ••• ... 1388 I 1593 I 1405 
"""·T·········1·········· ········r ······r ·····.1········, 5.5.0 .~;· "'·' I 57.3 i········· , 49.6 56.9 I 50 2 
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1858. 
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!I 
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11 a. m ... . 
10 I••••••••••,• 
111 ........... . 
12 
13 
14 
15 
16 i- · ...... 
17 
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Hl 
20 
21 
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2:l 
21 
25 , . .......... . 
Time of J 
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6.20 a. m .. 
11.30 a. m. 
~ 
::, 
0 
a 
~ 
5 
1 
0 
lO 
9 
1 
0 
0 
4 
2 
0 
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6 
0 
2 
6 
0 
1 
0 
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JO 
6 
6 
2 
0 
Regi,ster of llfeteoro'togical Observations-Continued. 
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I """"'· I ! I Kind•- I ] 
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,v ....... 
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SW...... 1 H .... .-
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10 
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10 
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\l 
4 
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E.S EL .. . 
s ...... .. 
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2½ 
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2½ 
2 
2t 
2½ 
2 
;~.1.~M ...... 
2½ 
2½ 
2 
1 
2 
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2½ 
2 
2 
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2t 
2 
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M ....... 
·········· }M ..... . 
lM ..... . l 
4 
0 
1 
0 
1 
0 
3 
10 
7 
2 
0 
0 
0 
0 
0 
5 
1 
0 
0 
1 
7 
4 
8 
0 
Winds (well defined.) 
9 P. M. 7 A.. 111. 
I Cnnra,. 11 1 Kind,. , i:: 
/1 
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...... 1········1····· ................... , 
..... . ,v. .... 1 
.............. ······ 
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,v ... .. 
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1 
1 
2 
2 
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~::::: .... ~. 
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SW... 2 
w ..... 2 
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O':> 
00 
a:: 
tr: 
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METEOROLOGY • 269 
Register of Jfettorological Observations-Continued. ,; ~ 
- -:t 
0 
Barometer. Pgychrometer. 
Thermometer in open air. 
Vate. Height. Thermometer attached. Dry bulb. Wet bulb. I Remark!, 
7.A.M, 2P,M, 9 P,M, 7 .A, M, 2 P,}1, Mean. 7 A,M, 2 P,M, 9 I',M, Mean. 7 .A, M • . 1 2 p, M, .19 p, M, 7 .A, M, J 2 P. M , I 9 P, M, 
' 
--------
------
1858. I Temp. at 6¼ a. m. 49°. March 1 23.896 23.900 2:.J 912 53 61 58 52 60 55 55.7 ........ ...... .. ........ 49 55 53 
2 .890 .900 .!J30 52 60 55 54 51i 53 54.3 .... ······· . ....... 48 53 45 
3 . 898 .909 .922 53 61 55 54 61 51 55.3 ········ ....... . ....... 44 
55 48 
4 .912 .916 .914 53 63 5t 57 63 54 58.0 ........ ....... . ... ..... 43 55 42 Temp. at 6¼ a. m. 50". 
5 . 892 .912 .908 51 68 57 54 66 54 58.0 ....... . ....... . ........ 42 54 48 
6 ,918 .935 ,948 55 65 58 55 69 55 59 .7 ... ..... ········ ········ 
50 59 52 
7 .934 .930 .944 56 63 58 58 65 56 59.7 ....... . . ...... ........ 52 57 52 ~ 
8 .944 . 944 .982 57 64 6IJ 57 63 59 59.7 ........ ··· ····· 
54 57 56 t:_%j 
9 .!194 24.000 24.042 59 68 63 58 69 5!J 62.0 ........ 55 60 56 Thunder at 4¼ p. m. 1--3 
10 24.028 24.024 24 .022 59 -66 60 59 64 t8 60.3 
········ 
........ 
········ 
55 58½ 54 ~ 
11 23.994 24.002 23.978 57 67 55 56 68 51 58.3 ········ ........ ······· - 51 
60 4:.l½ 0 
12 .976 23 .952 .951 t6 66 fiO 57 65 56 5!J.3 ........ ........ ........ 53 59 53 ~ 
]3 . 924 ,916 .926 55 62 57 57 61 54 57 .3 ....... , ........ .... ... . 53 57 50 0 
14- . 907 .906 ,\JJO 55 64 57 57 67 55 59.7 ....... ........ ....... 48 56 61 t-4 
15 . 900 .904 .906 55 62 !J8 54 64 56 53 . 0 
········ 
........ 
········ 
51 57 54 0 
16 .900 . 896 .922 56 61 58 57 59 56 57.3 ' ....... ........ .. ...... 54 56 52 Cµ 
17 . 916 . !J26 .9:J8 55 60 57 53 59 5-! 55.3 ..... ... 
········ 
........ 47 56 52 Jo-cl 
18 • !.!48 .949 .9 70 55 57 56 5f-½ 55½ 54 5:3,3 ........ .... .. . ....... . 4!J 55 53 
]9 . 956 .966 .967 55 60 58 53 61 f6 56.7 .... .... ........ ........ 53 56 54 
-20 . 938 .930 .940 57 66 60 57 69 58 61.3 
······· · 
.. ...... ........ 53 61 55 
21 • 916 .912 .9:12 rn 62 f)9 58 60 56 58.0 ........ .. . ... . ........ 54 59 53½ 
22 . 94(1 .952 .956 5~ 64 56 5!J 64 53 58.7 ........ ....... . ........ 55 57 45 
23 . 956 .976 .990 56 66 59 58 69 58 61.7 .... .. ........ ....... . 54 56 54 
24 . 980 ,994 .!J90 56 65 58 57½ 67 56 60 .2 ........ ........ 
·· ····· 
54 55 51 
25 . !l82 .974 .9,2 57 65 59 59 65 5ti 60 .0 ..... .. . ........ ........ 4!J 60 52½ 
26 . 948 .963 .960 55 67 58 55 67 56 59,3 ........ 
········ 
........ 49 59 48 
'J.7 . 966 .962 . !180 57 65 62 58 66 59 61.0 
········ 
....... ........ 54 56 56½ j Clouds at 10 am. W. 2 
28 . 970 .964 .!J76 58 66 61 59 70 59 62. 7 
········ ······ ·· 
...... 53 58 55 higher; SE. 3middJe. 
29 . 960 .968 .976 f:,7 65 63 !:>8 66 61 61. 7 ........ ········ ······· · 55 511 
59 
30 . 95'~ .949 .948 60 68 63 59 69 60 62 .7 ........ ······· · ········ 56 59 57½ 
81 .944 .946 .\,54 59 66 59 60 67 fi6 61.0 ········ ······· ....... . 
57 57 52 
---- ---------
---------
-----
Total ..... 122 . 186 122.277 \22 . 566 ....... . ....... . ....... . 1750 1994 .5 17::!4 1826.2 ........ ........ -· -··· · ]594 1771.5 1617.5 
- ----------- 56-:;-\647 55.9 58.9 51.4 57 . l 52.2 ll'l c o.n ..... 23.94.l 23 . \!4.4 23.954 ....... 
······· 
. ····--·· 
. ....... ........ 
~.lMG 58 .9 
s3.6 
I_ 
---
nnie . 
) 
./\pril 
R,qi.s/er of Jftleorowgical Ob&erva/iom-Continued. 
Rain. Clouds. Winds (well defined.) 
7 A. )I. 2 P, M, 9 P. M, 7 A. M, 2. P. M. 9 I' , M, 
Time of be-
ginning. 
Time of 
ending. 
>, ~ >. ~ I >, § g 
; Course. ·5 Kinds. ; I Course. :5 Kinds. a Course. ·5 Kinds. ·~ .; ·= I .; 
1:: "' E "' E "' .=: o ·- o < ;> < > < :> A la:< 0 ra:. 
= 
·i 
i5 
= £ 0 .2 0 I != ~ ~ ~ ~ 
_f _____________ _
........... . , ...... .... .. N ... ..... 1 3 ........ 9 s.. ..... . 2 l ,1 2 Stau·o I I N. .. . 2 I u ...... . n . . • ••••••••••...•• •••.••••• .••••••..•••• .. ••••.. 21 ...................... 1 0 .... ...... •.••• . . ....... 10 SE. ..... 2 M., H.... 0 ... . ..... . , ....... ..................... . I .. ·· ........ .. NW .. . 
l\W. .. .. 3 M. I 
:t • .. • • • .. .. . .. .. .. . .. .. • 0 .. .. • • . .. • • .. • . . • . . • • • S.... .. .. 2~ M. • • • . .. 0 .. .. • . •• . • .. • . . . • .. . • .. N...... 2 NW.. . 2¼ W .. .. 
4 ........ ... ... . - - .... . 
5 _ ..... . ..... .. ........... . 
6 . . . .. .... ... .. .......... .. 
9 . ........ . .. _. . ........... . 
10 I: 1 ...... ...... 1 ...... ..... . 
1- ...................... . 
13 ....................... . 
14 ...... ....... . ... .. ... .. . 
15 
:\'W...... 3 Below i\l I 
0 ......... .. , .... . 
1
....... . 9 S.... .. .. 2 \.1...... 0 ........................ N.NW . 3 ....... . ...... N.NW. I N.... .. .. 2i Below i\l 
3 SW...... 2 H.,cirr. . 8 SW. ... 2½ H . ..... . 5 .................................................. SW ... . 
I S.. .. .... 2½ :\I. 
~ .~~·::.::: ... ~ .. -~·::::: g ~~::.:. ~ .~~:'.~::: : ~ :::::::::: :::::: :::::::: :::::::: :::::: :::::::: ::::: : :::::::· 
2 SE... .... 2 ll..... 9 S.... .. .. 2 :\I. .... .. 4 ................................... .. 
SE . .... 2 i\l. 
2 Sl\'.. .... 2 ........ 8 E........ 2t .......... 2 ................... .... . ...... . .... .. (' ....... 1 ..... . 1 \V ..... . 
4 :-.' .~E.... 3 .. .. .... 8 $SE.... 2i } M o 
2 ~::·.:::: ~ ~t·.~ :! 7 tr-~::: : ii .. ~.: ::: :· o ::::.:::·: ::::: · ::::.:: . ·~~:::1· .. ~~· :::::.: :, ...... , w ... .. 
5 E.:-a;. .. 2 M., B.. 9 SE.. .... 2i .iI. ..... 0 ................ . . .......................... . ...... 1. ..... .. 
8.. . ..... 2 ~l ...... 
0 
3 ·sw: ·::: :1· · ·2· ·1· ii:.·::: 
10 
7 
8 
8E .. .. 
N ...... . 
~ SE ... .. 
M . ••.• .. 0 .. .................... 1 .. .... 1 \IV .. .. 
2 llelowM. 
1 ..... . .. .. 0 .... .... . \V ..... . ..... ,v .. .. 
2t H . .... .. 6 ........ .. 
2 :IL 
~ 
C) 
<5 
Jar< 
2t 
2 
2t 
2 
2 
2 
16 frain at4 • SW ...... !l H ...... 10 
9 " · m. . .. . 10 \\' ... .. .. 10 
ir·.::::I 
M.,H .. 
t~'~: ·~:: 10 SW .. .... , I , II .. ... .I 10 . .... ... .. 
~--· .. ., 
S.SE .•••• 
2 "1 . •.•... 
2 :IL 
2 )1. 
10 
, ·: ::::::::::i::::r ···· .............. 
:  : :  : . ~~.~ :.  : r .. ~. 
:! .50 a. m.. .. .. • • ~E... ... . I I\L .. .. .. .. .. ESE ... . 
JI a. m ....• ••.•...•..•.•..•.••.. . ...•••. ····· ·I Fog ••••• 
4.15 p. DJ.. • 
'i,'.' ..... 
a:: 
t:z:j 
~ 
0 
pj 
0 
t'-1 
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Q 
~ 
~ 
-... 
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No. 1.-Register of 1}/etwrol,ogical Observations-Continued. 
Date. 
Rain. 
. I 
Tune ofbe- 1 
ginning. I 
Time of 
ending. 
5 
0 
8 
-<l 
i A. 111. 
Course. 
>. 
.8 I Kinds . 
0 
oi 
> 
5 
0 
8 
<: 
Clouds. 
2 l'. 111. 
Course. t 
£ 
> 
9 p. M. 
Kinds. c I Coura,. I ! = 0 
8 
<: 
I I l----I--I-·--1--1----l--l-·- ---1--1----,--
1858. 
April 19 10 s ........ . 
E ..•••••• 
2 
2.!.  
M ..... 
L .••••. 
20 /···· ........ , •••••••.... , 10 IN.NE .... , 1 IM ..... , 8 
21 1.45 p. m .• 2.30 p. m.. 1 .... ...... ...•.. .... . . . . 10 
3.40p. m •• 5.15p. m ....................... . 
Mist. 221 ........... . 
23 ........... . 
24 ·••••••• ····1 ........... . 25 .••••• . ••••...••••••••• 
26 ..................... .. 
27 ....................... . 
28 .••.•••••.•.••••••••••• 
31 .••••••••• , ••••••.•••••• 
5 
3 
2 
2 
2 
2 
2 
4 
5 
6 
s .. ······ SE ..... . 
,v ...... . 
s,v .... .. 
s . .sw ... . 
SI~ • .••••• 
SW ... . . 
w.sw .. . 
SE .... . 
SW . ..•. 
NE ...... . 
~,}M ... . 
2 H ..... . 
10 
4 
1 
2 
3 
2 
l 
21 
1-
2 
H. .... 6 
H. .... 8 
. . • . . • . 10 
"1.. .... 8 
M., H.. 3 
H. . ... 10 
l\'L .... 7 
H .•••• g 
M . 
it :::::: :::::: 11:::::: :::::: 
::'.:: .f :: ·.·.:: ·. ·.·.·. ·.: :: : : ·.·.:::: \-~o: \:::::::: :·.' ..... .• .. •••• , 257 
•••• • •• I 8.3 
,v ... .. .. 
SE ...... . 
E ....••. 
E .SE ... . 
E ..••••. 
S.SE ... . 
WSW ... . 
SE ...... . 
S E . ••••• 
NE ...... . 
S E ...... . 
SE ...... . 
~E ....•. 
SSE ..•.. 
SE . ....•. 
S.:,E .. . .. 
2½ I Cirr ..... 
2½ ! M. 
3 L. 
2½ I M ...... . 
···i··1·i·.::::::: 
10 
6 
5 
2 M....... 0 
1 H........ 4 
2 M. 
2 M....... 1 
2 M....... 0 
2 M....... 0 
3 M...... 4 
2½ M....... 3 
2½ M. ..... 10 
2½ M....... 7 
2 M....... 2 
··········1~ 
......... . 3 . 3 
w ....... 1 2 
s ......... 1 2 
s ... .... . / 2½ 
s .. . ..... , 2 
s . ...... 2 
I K;nd, . I 
Cirr . . . , . • 
Gumul. 
M ..... 
M .... . 
M .... . 
M ... .. 
7 A, M. 
-~ 
_; 
A 
Winds (we ll defined. 
2 P. l\l. 
o3 
(,) 
0 
"" 
·* ~ 
0 
0 
~ 
0 
t,,., 
9 P. M. 
,= 
.s 
~ 
i:i 
~ 
0 
... 
w ...... , 2 
SW •••• 2 
S W ... 2 
SW .. . 2 
w .... 1 
sw ... . 2 
E ... .. 2 
w.sw . 2 
...... . ..... 
SW ... 2 
N) 
-f 
l~ 
ts: 
M 
1-3 
t:_rj 
0 
~ 
0 
~ 
0 
0 
!< 
0:\lll, 
Heigb1. 
)-,J I· 1 .... x. I 2 P. x. oo ___ __ _ 
T ou l . . 
23.068 
.97-1 
.~8 
.9i2 
.!ktl 
.91!() 
.9i0 
.9~'l 
.9-28 
.93-1 
.91!l 
.907 
.931 
.964 
. 9.St 
.96-4 
.1'53 
.!r.O 
-~ 
. lltll 
~ .982 
.9-18 
.950 
.984 
.968 
.958 
.958 
.93-1 
.!139 
.IIJG 
.!ll6 
.!KJ6 
.9-a 
.In:! 
.UP'J 
.!.r.O 
23.9,;,6 
No. 1.-Rtgislt:r of Alftu0rol,ogieal Ob&ervaiiom-Continued. 
Barometer. Psychrometer. 
Thermometer in open air. I j Thermometer anached. Wet bulh. 
I 
Dry bulb. 
9 J>. h[. 7 A, M 2 P. M, 9 P, M, 7 A., ll, 2 P, M. 9 P, !IL Mean. 7 A., ll[. 2 p, ll[. 
------- ---------- ---- ---- ---- ---- ---- ----
0 0 
23.972 59 67 
.99o 61 63 
.972 5P 65 
.98-l 58 64 
-~ 58 65 
.9ti2 59 66 
.960 58 65 
.9-12 58 . 65 
.916 57 64 
.935 57 64 
.11'20 57 64 
.910 59 64 
.9-13 59 64 
.9i8 59 6S 
60 66 
59 M 
5S 67 
59 f,5 
57 66 
58 66 
57 65 
57 66 
57 6-1 
5,'! 65 
59 6S 
59 67 
60 67 
6-J 64 
60 6.1 
5:1 64 
0 
63 
62 
61 
62 
62 
63 
60 
58 
59 
59 
62 
60 
fiO 
61 
62 
62 
60 
59 
59 
59 
60 
;}7 
59 
61 
61 
62 
6;J 
&.:! 
60 . 
{)!I 
0 
57 
61 
58 
56 
58 
59 
57 
60 
58 
60 
59 
59 
58 
59 
57 
58 
60 
58 
59 
58 
57 
60 
59 
60 
59 
59 
60 
62 
5i 
59 
1762 
5b.7 
0 0 0 
66 60 61.0 ..... , .... 
62 59 61.0 ......... 
64 60 60.7 ......... 
68 60 61.3 .......... 
65 60 61.0 
.. ······· 66 61 62.0 
·········· 68 58 61.0 
·········· 66 56 60 .7 
······ ··· 64 55 59.0 
·········· 64 56 60 0 
········· · 65 60 61.3 ......... . 
61 56 58.7 
······ ··· · 64 57 59 . 7 
········· · 64 58t 60.5 
·········· 69 59 61. 7 
··········1 69 59 62.0 ········· · 70 58 62. 7 
66 571 60.5 
72 55 62.0 
66 55 59.7 
···· ·· ···· 68 56 60.3 .......... 
67 55 60.7 .......... 
68 58 61.7 
65 57t 60.8 r- ........ 
65 57 60.3 .. ....... 
67 59 61. 7 ••••• •• • . 
66 61 62.3 . ......... 
63 59 61.3 ......... , 
60 57 58.0 .... ...... 
64 57 60.0 .......... 
1972 li36.5 1823.6 
[-l---,----
65.7 57 .9 60.7 
60.7 
0 
55 
59 
56 
55 
56 
55 
55 
55 
54 
53 
54 
55 
56 
55 
5.'\ 
55} 
50 
54 
51 
53 
51 
55 
66 
54t 
56 
56 
56 
59 
57 
56 
1649 
55.0 
0 
59 
59 
58 
61 
58 
57 
58 
56t 
58 
58t 
59 
57 
60 
58 
58 
54 
58 
59 
62 
59 
60 
61 
61 
60 
59 
56 
59 
5!1 58, I 
59 
1760.5 
58.7 
55.9 
9 p. M, 
----
0 
58 
57 
57 
57 
56 
58 
54 
50 
53 
52 
57 
53 
56 
57 
58 
52 
49 
47 
48 
54 
44 
51 
56 
55 
54 
55 
57 
5-'> 
55 
1622 
54.1 
I Remarks. 
Thunder, very faint and 
of short duration. 
Thundtr, very 
3.45 p. m. 
faint, at 
~ 
t_,:j 
""'3 
t:z:j 
0 
p;:j 
0 
t-t 
0 
0 
:< 
N) 
-:i 
C),) 
No. !.~-Register of Meteorological Observations·-Continued. 
lr------,-----f----------~---r------------.,--------------' Winds (well defined.) 
~1 1-~I 
Rain. Clouds. 
Date. 
Time of 
beginning. 
Time of 
ending. ~ 
::l 
0 
s 
< 
7 .A.. M. 
Course. e, 
·;:; 
£ 
~ 
Kinds. s:: g 
5 
< 
2P. M. 9 P. M. 
e, 
I 
Kinds. I 'i5 I Cnu,se. I Course. I ·;:; ::l ~ 0 
~ 8 < 
7 -"-· ?rl:. . I 2 P. M. I 9 p • .M. 
>, I Kinds. I 
s:: 
I I 
s:: I, I s:: 0 0 .2 <) C) ',:j C) I cu <) <) 0 f <) ~ ~ 8 ~ Q 0 i:S i:S & ll« 
----l----1-----1---1----1--1---1--1 ---1--1----1--1----1--1---,---,--,---,-- •---,--
1858, 
April 1 , 8.55 p. m . . 19.5 p. m .. . 
2 1.15 p. m .. 1.20 p. m .. 
3 I .......... .. 
4 
5 , ........... . 
6 ............ . 
7 I•••• ...... .. 
8 
9 
10 
11 \ ............ 1···· ....... . 
12 ··•··. ····•· ... ... . 
13 2.l0p.m .. 2.20p.m .. 
3.20 p. m .. 5.30 p. m .. 
14 I .. ,,.••••••• 
11~\.:·:·:····:·:·:·:···.~·.1\·._:·:·:·:·:·:·:·~~:·:· 
li ·:::. :·::.:: :·. : : : : ·: .. : ·:::. 
~\ ·:::.::·:.·.::·. ::::·:.::·:::. 
9 
2 
9 
10 
6 
6 
7 
2 
5 
3 
2 
4 
2 
5 
7 
5 
3 
7 
8 
5 
~o 
s ...... .. 
E.~E ...• 
ESE ... . 
SE .... .. 
E.SE ... . 
s ....... . 
E ....... . 
NE .• •••. 
s ....... . 
SW ..... . 
w ...... . 
w ...... . 
w ..... .. 
SW ..... . 
SW ... .. 
SE .•.... 
SE .... .. 
w ..... . 
E.SE . . 
w ... .. .. 
E ..•..• . 
w ...... . 
2½ I M .... 
21 M .•.•. 2 L . . •.•. 
2½ . .M ••••. 
3 L ..••. 
2½ 
2 
1 
2 
2½ 
2 
2 
2 
1 
2 
2 
1 
2½ 
1 
2 
1 
L •..•. 
M ••.• . 
M.,H .. 
M.,H .. 
Cirr .... 
Cirr ..•. 
Cirr ... 
M.,H. 
M.,H. 
M ..... 
M.,H. 
Cirr .... 
M .••• 
Cirr .• . 
M ..... 
H .••.. 
8 
10 
10 
8 
9 
8 
9 
9 
9 
10 
9 
10 
10 
9 
6 
2 
6 
7 
7 
·e:e·.:·::: 1· ··2· ·1 ·M: :::·.1 1 i 
s .•...... 
s ....... . 
S.SE .. .. 
s ...... . 
s ...... .. 
SW .... . 
S .. .. .. .. 
s.sw ... . 
SE .... .. 
s ....... . 
E .• . ..•.. 
s ....... . 
w ..... .. 
S. and E. 
8E ..... . 
SW ... .. 
s ..••.... 
s.sw ... . 
8E .... .. 
$E .•••. 
ESE .... . 
w ...... . 
E.SE . •. 
E.NE ... . 
w ..... .. 
SE . &N . 
NE .••• . 
81.':. ..... . 
2½ 
3 
2 
2 
2 
2 
2½ 
2 
1 
1 
l 
1 
1 
1 
1 
2 
2 
1 
2½ 
2½ 
1 
2½ 
2 
1 
5l 
2 
2 
H ... .••. . 
l\f. ...•• . 
M ...... 
M •.•.••. 
M ....... 
Above M. 
M ....... 
M.,H •.. 
M .••••••. 
M ••..••• 
M.,H ... 
M.,H ... 
M.,H . . .. 
M ...... . 
M ....... . 
M ..•••••. 
M ....... . 
M.,H ... 
M .•.•.•• . 
M ...... . 
M •••••• . 
H .•.••••. 
M .••••• • 
M ....... . 
Cirr .. . . . 
M .•••••• 
M ....... 
M •••.••• 
10 
2 
10 
10 
3 
3 
l* 
l 
0 
7 
1 
4 
9 
3 
1 
3 
It 
3 
4 
3 
........ , ........ 
:::: ]:::: :::: 
SW •.. 
SW ... 
SW .. . 
SW ..• 
SW ••• 
SW ••• 
SW ..• 
2 
2 
2 
2 
:::: :::.1::::::1·sw·::r "i 
NE .•• . 
SW .. . 
::::::::1:::::.1::::::::1:::::: 1 vv ... . :aw ... . 
I 
I 
2 
J 
t-:) 
~ 
~ 
t:( 
t".l 
1-3 
tr.l 
0 
~ 
0 
t""' 
0 
~ 
.... -.... ···1·· ........ · 1 . , .. --. -----. -. -.. .. -.... . 
•••••••••••• .••••• •••••• 9 ................ . ..... . 
• • • • • • •• • • • • .. .. • • • .. • • • !2 \V....... I Cirr .. . 
............ ............ 9 8....... l M., H. 
............ •••••• •• •• •• !2 .. ..................... . 
. .•••• ...... .••... ...... 3 \Y. ... . . 2 H .... .. 
4 p. m ..... 5.10 p. m.. 6 W.SW ... 2! ~I., H. 
5.:lO p. m. 5.40 p. m ........ s.... .... 2 M ... .. 
!:!9 J p . m ..... 1.35 p. m. 10 ................ Fog ••. 
1.50 p. m • . 4.l?O p. m .. 
:IO • • • • • • • • • • • • •••••• •• • •• • O ••• •••••• • •••••• 
8 
10 
10 
9 
7 
9 
9 
10 
9 
To1al. .......................... 161 ............... . ........ 256 
s .. ... .. 
~E .• ..• . 
SE ... .. 
s .... .. .. 
S ..••••• . 
s .... .. . . 
s.sw ... . 
SE •..... 
s ...... . 
2 1 M •••••• • 
!2 M •• •••• • 
2 !\! ..•••••• 
2 M ..•.••. 
2 l\l ..... .. 
2j M ..... . 
21 :\! ..... .. . 
2 
2 
M ....... . 
M ..••.••. 
i ·i~~!) ::i :~(!!! ::)i!~ )~:;!~)!}~~~~;·ii.:~:: ·····i 
1 S.l'lW .•.. I 2 . • • • • • .. . .. .. • . . • • • .. • . • • • • • • • • • .. S\V • .. 1 
6 S.S\.V ... i!t :M., H ......... . ................... SW. .. 1 
1: 1:::::::: ::.:·:::: ::::::::,:::::::: :::::: :::::::: ::::::1 ~~:: : 
2 
.......... , 115 . ............... , .............................. ........ ........... . 
!\lean... .. . • • . • . .. ............. 
1 
5.4 ............. .. .••• ••.. . 8.5 1 •••••••... 1 •••••• 1 •••••••••• 1 3.8 
.......... 1 .............. 1 ........................... . 1 w.sw., 2 
...... .... ...... ........ ........ ...... ... .... ...... j ........ _ .... .. 
• Clouds at up. m. w. 2 H.; S. 2 M. 
t Clouds at 11 a. m. SW. 2 H. cirr., exquisitely fine and regularly distributed; middle strat:i NE. 2i. 
~ 
~ 
1--3 
t:,rJ 
0 
~ 
0 
~ 
0 
~ 
:< 
~ 
-I 
01 
No. !.-Register of Metw-ologi'cal Observations-Continued. 
Barometer. PsychromeLer. 
Thermometer in open air. 
Height. Thermometer attached. Wet bulb. 
Dry bulb. 
7 A. M, 2 P, l\L 9 P, M, 7 A, M, 2P, M, 9 P, M. 2 A, l\I, ~ p, M, 9 P, M, Mean. 7 A, M, 2 p. M, 9 P. M, 
----- ----------- ----------
---- ---- ----
0 0 0 0 0 0 0 0 0 0 
M 23.918 23.930 23.947 57 64 59 57 65 57 59.7 .......... 51 59 53 
.952 .9ti0 .984 60 63 61 58 64 59 60.3 .......... 56j- 60 58 
.980 .970 .996 60 62 Ill 61 60 58 59.7 
·-·· ······ 
59j- 59 58 
.964 .948 .964 58 61 60 56 60 57 57. 7 .......... 55 59 56 
.95'2 .962 .980 58 65 62 57 65 59 60.3 .......... 57 58 56 
.974 .970 .980 60 65 62 5tl 68 59 61. 7 
·········· 
57 59 58 
.982 .970 .980 57 64 62 55 66 60 60.a .......... 54 58 58 
.968 .972 .992 60 66 63 58 RS 60 62.0 .......... 56 59 58 
.969 .965 .967 59 65 62 60 70 6L 63. 7 
·········· 
56 60 58 
.973 .972 .992 59 67 63 58 71 60 6::1.0 .......... 55 59 57 
.996 .994 .990 6L 65 59 62 66 56 61.3 .......... 58 tiO 53 
.990 .992 .974 58 66 58 61 69 57 62.3 
·········· 
49 59 4:J¼ 
.970 .954 .936 6L 63 57 61 62 53 58 . 7 ........ 56 57 48 
.938 .936 .952 60 63 60 61 64 59 61.3 ........ 56 58 57 
.!l48 .940 .955 60 63 62 58 63½ 60 60.5 .......... 56j- 59 59 
.972 .942 .978 61 63 62 58 62 59 59.7 
········· 
57j- 60 58 
.980 .976 .970 61 65 62 59 65 59 61.0 
·········· 
58 59 59 
.976 .964 .970 59 62 59 57 64 58 59.7 .......... 56 61 55 
.970 .976 .972 57 114 57 57 66 54 59.0 ... .. ..... 55 59 49 
. 984 .978 .970 58 64 60 58 65 57 60.0 
·········· 
57 57 56 
.980 .974 .974 60 65 62 60 65 59 6 L.3 .......... 57 59 58 
24.008 .981 .992 58 64 60 57 63 59 59.7 .......... 56½ 60 57 
24.006 .982 24.018 58 64 61 56 66 59 60.3 ........ .. 55 60 57½ 
23.986 .976 23.976 57 64 61 58 69 57 6L.3 
·········· 
56 59 55 
.960 .986 .976 57 65 57 57 65 54 58. 7 
-···· ····· 
53 . 57 45 
.974 .986 .994 59 65 62 57 68 59 61.3 .......... 55 56 57 
. 994 .996 24.000 58 61 60 56 61 58 58.3 
·········· 
55 58 57 
.998 .986 24.002 58 64 60 55 66 58 59.7 
·········· 
55 59 57 
.998 .992 24.000 56 til 60 56 62 58 58. 7 .......... 52 58 56 
.990 .!J84 23.986 59 64 61 59 67 59 6l. 7 .......... 56 60 58 
·\ .980 .950 .974 59 64 60 5' 68 59 61.3 . . . • • • . • . . 56 62 57 
.. ,23.23" 2.'67 123.34, .... •·· -y·· .... .... .. . . '798 20'3.5 """ , s7' .2 .•.•. ..... '722.5 _ , .,, '722 
• 23.972 23.970 23. 979 ........... ···· \ ··· '"'\ 58.0 \ 65.3 58 . 1 60.5 ...... .•.. 55.6 58.9 55 .5 
23.974. 60.5 56.7 
) 
Remarks. 
Thunder at 6.50 p. m. 
N) 
-.J 
~ 
t( 
t_tj 
1-j 
trj 
0 
~ 
0 
t-4 
0 
0 
~ 
Date. 
Rain. 
Time of 
begi.nning. 
Time of 
nding. 
C 
:, 
0 
E 
< 
No. 1.-Rtgi~u qf Meltorol.ogi.c,al Ob&trvaLion.T-Continued. 
7 A. M, 
Co=•· ' i ~ 
Kinds. Q ::, 
0 
E 
<: 
Clouds. 
2 P, M. 9 P, M, 
Course. 
-i 
~ 
Kinds. a I Courae. I 0 
E 
< 
-~ I Ki"d' I 0 
~ 
7 A, M, 
i:: 
-~ 
~ Q 
,,; 
~ 
0 
r:.. 
Winds (well defined.) 
2 P, M, 
s:: 
·~ 
~ 
,,; 
~ 
~ 
9 P, M, 
s:: 
·j 
i5 
~ 
0 
r:.. 
----1----1--1---- ___ , ___ , __ , ____ , __ , _______ , ____ , __ , ___ , ___ , __ , ___ , __ , ___ , __ 
185tl. 
;\11\y l 
l1 
3.~ p. m .. 13.35 p. m .. 
2.~ p. m .. 3.-10 11.10 •• 
1.10 p. m .. 4.!2011. m .. 
3 9 p. 111. • • • • 9. 5 p. m ... 
<I 5 .40 p. m .. 9.~ p. m .. 
5 .................... .. 
6 ....................... . 
7 9.20 p. m .. 0.30 p. m .. 
8 ...................... .. 
~ , .......... .. 
. 10 .......... .. 
11 . ............ , .......... .. 
a 
13 ............. ... ........ .. 
14 
15 
J 
. ,
············ 
.:JO ,a. m .. 
............ ........... . 
J11 :!II a. m . Ui.-10 • · m . 
I : : :: :- : : :: : : 1.::::::::::: 1. ..... ................ .. 
8 
9 
8 
10 
10 
10 
JO 
6 
3 
3 
3 
3 
9 
5 
9 
10 
W ..... , l M. b .. 
S ....... 2 M .... . 
s.sE.... 2 i'II. .. .. 
S. ...... 2, ....... . 
i::: . : : : : : · .. r ~~i : : : 
l:!E.. .... 2l I Fog ... 
E ...... I 2 L ..... 
W ...... 2 I M.h .. 
s ....... 1 2i I :'If. .. .. 
N ...... . 2 M ... .. 
... ...... ..... . 
SE ..... . 
SE .... .. 
SE ..... . 
E.~E .. .. 
~ ...... . 
~. I ~L:: 
~· 
~. 
1 
10 I E ..•• , .• · I 2 I M ..... .. 
9 ::; ....... l M ...... . 
10 
lU 
9 
6 
5 
6 
6 
6 
8 
9 
9 
b 
10 
10 
E ....... 1······ Fog .••.. E. . ...•.. 2t Fog ..... 
::; . ...... 2 .•.•. .' .••. 
E.SE.... 2} M . h .... . 
8E ...... 
1 
2t M ..... .. 
NE...... 2 :\I. h .. .. 
S ...... . 2 Uel. m .. . 
~E...... 2 :\1. b .. . 
8B...... 2 ;\l. ..... . 
SE...... 2 t,. 
E ~E I 2l f 'u,., .. ' 
8£ . . :::: 2 I 
and E.SE. 2t I } M ·" · " ' 
::,£...... 2 tu I 
~i:::::. I r .s.:.:::::: 
S. ...... 2t , ........ . 
SE...... 2i 
SE . ..... 2 
Y SE ... .. 2 
2 
21 
2 
:!}a 
21 
10 SE .... .. 
5 8E . ... -.. 
i SE ..... . 
7 SE .... .. 
9 ::<E .... .. 
8 E .. . .... . 
:i I ~sE::::1 
6 E:5£ ... . 
:2 I },1. ..... 2 
') 
~l 
2 
3 
9 ..................................... . 
...... , SW ... 
ir1:::::::::: 11 ·.:::::.::::\t;_:~i:: ... 2 .. 
9 ........ . ............................ , ........ , ..... . 
3 ................................................... , W .. .. 
: i-:: ::·.:::r ::: :::::::: :::·:::: ::::::, ...... .... ,. SW ... 
, ........................ 1 ............ 1 .............. 1 w ... . 
i ::::;;::::
1
::::::>> iii/>::<:: ::::}?I 
10 1 ............... ·i···· .... ........ , ............ .. 
10 ................ Fog... ...... .. ......... .. 
2 
1 
2 
2 
2 
2 
2 
3 
3 :::: .::::: :::::: .::: :::: :::: ::::,·::::: :::: :::: :::::: :~~: :::: :::::~ 
lU 
2 
10 
5 
3 
·s.sE::::1· .. f· :::::::: ::::.::: ::::::1:::::::: :::::: ·s:s";::1· .... 2 
.... _ ........ ~ .. ... ........................... , ...... , ..... ...... .. 
f~:: :: 2 I::: : :: ::1.: :: ::::1:::::: :::::::: :::::: :::::::. :::::: 
~ 
trJ 
~ 
trJ 
0 
t:o 
0 
~ 
0 
Q 
~ 
1,:) 
-1 
-:! 
No. !.- Register of Meteoraloqical Obeervationa-Continued. 
Rain. Cloqds. Winds (well defined .) 
7 A. M. 2 p • .M. 9p. M. 7 A . M. 2 p. M• 9 P. ~ . 
Date. 
Time of I 'l'ime of 
I Co•~•· I I I Kinds, I I Cou,so, 111 Killds, 11 I Co=•· I ! I Kinds I ci 11 I I 1 I c beginning. ending. 0 .g ·g () 11 "' C) i3 iS 
---- ,---- ----1--1----1--1-...----1--1-_- _--1--1----1-- ·l ----1--1---1---1--1---1--1---1--
1858. 
May 26 9 
27 ............ ........... . 10 
28 3.30 p. m . . 4.40 p. m.. 10 
6.40 p. m .. 8 p. m .... . 
29 .•••.••••...•••••• •••••· 10 
30 6.35 p. m .. 6.45 p. m.. 3 
31 3.50 p. m .. 4.20 p. m.. 9 
Total .... . 
Mean ••••. 
237 
............ 1 7.7 
sw ..... . 
SE ..... . 
2½ 
2½ M.h .. I 9  .... . 
Ii'og ... 10 
fog... 8 
10 
9 
9 
........ 1250 
....... 8 .1 
:E-SE .... I 2 
·s'i::::::I 3 
SE...... 2½ 
SE...... 2½ 
SE...... :l 
10 
9 
10 
10 
10 
10 
199 
6.4 
E ..... .. 
E.SE .. .. 
2 
2½ 
L ..... 
NI 
-.:a 
00 
~ 
~ 
t_:c_j 
0 
~ 
0 
t-t 
0 
~ 
OG\' of th 
n·,onth. 
1858. 
June 1 
l2 
3 
4 
~ 
6 
Ko. 1.-Rtgiuer ef JMr;orol.ogioal Ob.!trootior...s-Continued. 
Barometer. I - Paycbromt>tcr. 
Thermometer In open air. 
Hcii:ht. Thermometer nttached. Dry bulb. Wet bulb. 
7 A, M. ~ P. M. 9 r. M. I 7 "-· M. 2 p. M. 9 P. M, 7 A., M, 2 P, M. 
23.970 23.988 24.010 l 59 59 :1 58 57 24.008 .9i:-9 23 .99~ 58 63 59 64 23.974 .!166 .96-t 57 64 60 59 64 
.9GO .950 .95S 56 6J 60 57 68 
.SM .9~ .970 57 61 59 57 62 
Bnru111e1e,r broken ...•••••••...•••.••. . •••.•••...••... 
........ ······· 
9 ':.'.'._~~I_'_':_":_ ~I 7 A,>< I 2 , ••• 9, >< 
5~ 
1 
5/ 1 . • . .. • .. .. ...... I........ 58 ;6 5~ 
58 60.3 .. • • . . . . . . . • • . . . .. . • . . .. 56 60 59 
59 60. 7 , . . .. • • . • •..••. · 1 ·. . . . . . . 56 60 54 
55 60.0 •• •• • . . . . • • . • • •. •• • • • • • . 47 60 52;\-
56 Sl(,3 I........ .. . • .. . . . .. • .. .. 54 60 50 
............... ········ ··· ···· 
Total ... ··1· ......... \ .......... 
1
... ... . .. .. .. . . . .. .. . . . . . .. .. . . .. ............ .. 
:\lean .... . .......... ................... j ................ 1 ........ 
1 
...... .. 
........ 297.0 
59.4 
CA.RA.OAS. 
Jun 
~g ~i ~ ~u 1-:: · : : : : : : : : : : : : : · : : : : : : ~~ I ~~ ~~ 
:::::::::F::::::::"·::::::J:::::::: ::::: ::: :::::::· ~g I ~i * ~j :::::::: :: :::::: :::>: ; H ; 
I I I I . I :::::::::r:::::::::::::::::: :::::::: .. :.:::.:::::::· 
:::::::::y::: ::· :::::::: :: :::: ::::::: ::::::: !!1 : E ~l ~J ::::::: :: ::: :::::: il ! fl 
To~l .... ,t\\\\{j\\\~\\\:\; l\\\\\\\l\i\:\\l\\[ :\\\ii! I\I ~tll_1!:I:\:\'. :::::::; \II\ 11 J 
, ..... "T" "'T ...... ""'""l ' .................... 69.3 ::: I "·~ 72,5 i""" ................ 66.2 I ::: 68.1 
Remark!!. 
Thunder at 2.45 p. m.; 
very faint. 
Thunder at 6.30 p. m.; 
faint. 
~ 
~ 
~ 
tr.1 
0 
t:t, 
0 
t" 
0 
0 
~ 
t-!> 
-1 
~ 
Date. 
1858. 
June 1 
2 
Rain. 
Time of 
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METEOROLOGY. 
THE CLIMATE OF SACRAMENTO, CALIP"1)RNIA, BY THOMAS M. LOGAN, M. D. 
Latitude 38° 34:' 41" N. Lt :i.gitudc 1210 27' 44" W. 
As supplementary to the abstract of meteorological observations for 
1853, 1854, and 1855, published in the reports of the mithsonian 
Institution, the accompanying tables for 1856-'57, together with the 
results of the aggregate five years, have been prepared. 
It may not meet the exactions of a rigid science to deduce a po itive 
view of the climate from a series of observations extending through 
only five years, still an approximation may now be arrived at that 
will be sufficiently near to afford a very just appreciation of somo of 
the climatic features of this portion of the great valley of the acra-
mento, due allowance being made for irregularities and disturbino-
causes. Owing chiefly to the difficulty of procuring reliable instru-
ments and proper tables and instructions, the records, which were 
made in various forms and with differing calculations, required re-
arrangement and tabulation to render them comparable with each 
other. These considerations will be a sufficient apology with those 
who have much experience in arranging statistical tables for a certain 
amount of inaccuracy which has crept into our former publication . 
In the pre ent instance we have used every po sible precauti n while 
rectifying former errors,* which are herewith specified, that the a lvan-
tages already received may be rendered more valuable hereafter. 
B.AROM11'TER. 
The eries of barometric observations have not b n, in one re pect, 
continuou . Had they been conducted with ne and the mo ini:1tru-
1?ent doubtle s some valuable deduction might hav been g th r 
from their analysis; as it i we can only note om f the m st bvi 11 
re nlts. uring 1853 the .. ordinary hip bar meter, (tho n1y 011c to 
b hn. then,) which wa u ed, appears t have r nacd cntir ly t 
low. The reading from thi instrument, , w 11 s th RO whi ·h w re 
r i t re from a common open ,j t rn, an a siphon of o.y Lns n , 
• Errata in former publication .-Tho J11til.ud nud longil.udo of crorn nlo 11r rorr • tly 
i'1Vl'n nbov , and nre erronoous in th pr vioua r porl8 . 
• J 5:J.-Bar. I n.n for J,\nuary, for 2!) 65 r od 29.75; nnnu I m ~ary, for 30.01 r d :J0.0'1 
inth<·• Therm. Men.n maximum, fur ()O.,!O r d 00.04; m •,in m1111rr1um, for 4 o.no r •· d 
90.0 ; m n.n for ctob r for 7 O 00 r, d 730.00. Jl"iltdi. J;., lutnl, for IOI ri•,ul 11 I. 
1 51-Bar . fon.n of i'anuary, for 29.11 rrad 30.ll; minimum of l y, for .?!J.00 r ti 
:.>9,60 i mran minimurn for 29.76 r d 2 . I; nnutd mna11, for ... . n ul :HJ.117 inch . 
Th,rm. M n.n m ximu,;, for 790.s, r ad 7!JO ... ; rn II minirnom, for t .7'' r •nd 1:Z.7 
Rainy ,Jriy . larch, for!) 'r d 4, for/ir, t1J rtiin, fur ~ r d 3 . .!.';. ,\nnu I Loi.al 11f clear 
do , for 2'2J r ad 22 . Tot I rainy tlal/ , for GIJ r d 55. 
l ~.,.-(Jar. Jnxirnum of July, for 'l . 5 r 11d 30. J!;; me n Ill xirnum, for 30.0!) r d 30.14 
inches . Dew point. Annual mean, fur J7O,52 r ad I O, G'. 
284 METEOROLOGY. 
were never corrected for temperature. During 1856 and 1857 Gree , 
Smithsonian barometer was employed, and its readings reduced to 3\i 
Fahrenheit. No correction for altitude was ever made, as the cistern 
of the various im1truments employed were at so small an elevatio~ 
above the level of the sea. N either was the elastic force of vapor 
applied at the time of the record. This force has been calculated only 
during the past year, according to the rules established by Regnault 
for deriving every degree of it exhibited in the atmosphere from the 
readings of the wet and dry-bulb thermometers. It will be seen that 
it increases directly with the temperature, and amounted during 1851 
to nearly half an inch during midsummer, or one sixty-seventh of the 
entire atmospheric weight. 
The absence of either abrupt or great changes gives indication of 
the tropical feature which the climate possesses. As a general rule 
the atmospheric pressure varies but little, and that through slow and 
long continued movements, rather than in the sudden manner charac-
teristic of the latitude on the Atlantic coast and elsewhere. Never-
theless, ·although the mercurial column rises and falls within very 
restricted limits, yet there are changes, represented it is true by s!Ilall 
measurements, which occur with wooderful regularity and certarnty, 
diurnal movements at fixed hours, as well as annual ones, having 
reference to the position of the sun in the ecliptic. The former? or 
horary oscillations, as revealed on the chart of diurnal bar~metncal 
curves, present, in a· marked degree, the two diurnal max~ma and 
minima observed within the tropics· the ante-meridian maximum, at 
about 9 to 10 a. m., being more constant than that at the sa~e period 
post meridian. Without a single exception the pressure is always 
less at 3 p. m., and this has no reference to whether the column stands 
high, as in the cold, or low, aR in the hot season. . . n 
The following table, calculated from the horary observations, tak; 
once a month during 1857, gives the mean successive hourly rang~ Jr 
the year. The signs + and - denote the range of each hour a ove 
or below the mean of the twenty-four hours. 
Hout". January !E. February 23. March 2:1. A.pril 29. 
7a. m . .•. . + .044 + .13-1 - . 064 + .098 
8a. m . . ... .0-ll .125 .057 .098 
!ln.m ... . _().II . .114 .032 .103 
JO a. m .. ... .0:16 .OSl . 026 .Jill 
11 a. m •.. . . .031 .058 . 018 . 083 
l:lm .... . .. .0:28 . 0-28 .043 .053 
l p. m . ... . + . 015 .0-21 . 049 + .031 
!l p. Ill . .. .. - .0-29 .OUl . 046 - .OLO 
3p. m • ..• .033 + .012 .046 .0-2:l 
4 p. m . ... . .053 - . 005 . 043 .0-17 
5 p. m .. .. • .0-29 .005 .0-10 . 135 
6 p. m .• •• . .031 .010 .008 .054 
7 pm ..... .11'28 .007 .0-10 .060 
t)p.m .. •• . .0-26 .006 - .Ol'S .048 
9 p. Ill. ... . .0-23 .0-2-J + .015 . 040 
10 I'· Ill •••• • - .047 . 0-22 .040 .019 
ll p. QI. .. .. + .00-l .042 .0-16 .011 
J:l Jl , m.. . .. .ll\l? .042 .05:! . 030 
l n. m. . ... .005 .05l .()a7 .0-27 
!la. Ill ••••• .005 .05.1 .Oti4 .0-25 
:Jn. 111 ..... • OIO .00~ .06i .022 
,ta.m .... • 013 ,O,..;:J .072 .019 
:::::::::::~ 
.Otl7 .o~ • 019 
- .097 + .Oi3 - .o-~ 
-
Sumc. . .. ... 600 1156 10i8 lOb-1 
.,e11n1...... .0-25 .0-19 .0-15 . 0-15 
<.11.,k ef suer~ l1ourly rangt:$ of baromRer for 1857. 
May 2:1. June 22. July 2-2. August 21:!. September 23 
- .008 + . 052 + .028 - .024 + .057 
.016 . 042 . 036 .024 . 06 1 
.012 . 038 .0-12 .032 .075 
. 008 .048 .0-14 .014 . 078 
. OLO .0-18 .039 .002 .067 
.040 .041 . 037 .017 .052 
. 037 .018 + .020 . 018 .031 
. 040 + .014 - .008 .038 + . 009 
.052 - . Oll,7 .014 .038 - . 007 
.059 . 019 . 012 .046 .025 
. 056 .031 .031 . 050 . 032 
.035 . 019 .046 . 056 .032 
.026 .U46 . 038 .033 . 053 
- .0-24 . 058 .017 . 018 . O;i.5 
+ .00-2 . 037 .010 - .005 ,. . 0-24 
.0-10 .027 . 010 + .030 . 02-2 
.043 - .016 .007 .0~3 . 019 
.0-15 + .012 .009 . 026 .0-21 
.ll-18 .015 . 012 .023 .016 
.05l + .007 .013 . OJl .013 
.053 
- .005 .013 . 030 .mw 
.05l .01'2 .Oil . 065 . 033 
.043 .0-24 .019 .086 .0-15 
+ .03-l - .028 - .000 + .LOS - .026 
833 664 516 642 853 
.035 .0-28 .0-22 .035 .036 
October 21. November 27. 
+ . 080 + . 056 
.095 .OH 
.092 .05:3 
.084 . 065 
. 079 .038 
.Oli2 . 025 
. 037 .014 
+ .008 .006 
. 000 . 004 
- .024 + . 006 
. 030 - . 003 
. 030 + .013 
.018 .016 
. 039 . . 002 
.036 + .004 
. 045 - . 005 
. 038 .005 
. 032 . 009 
. 030 . 019 
.034 . o3i 
.040 . 046 
.035 .066 
. 052 .086 
- .0-16 - .086 
·-
1066 703 
.OH .029 
December 23. 
+ .117 
. 11 7 
. 122 
• 127 
. 107 
. 078 
. 047 
• ow 
+ .OO<l 
- .00:~ 
. 017 
• 021 
. 0-27 
- . 036 
+ .037 
- . 039 
. 042 
.051 
. 064 
. 066 
. 074 
.074 
.09l 
- 106 
----
1495 
.062 
Mean. 
........ 
........ 
. ....... 
. ....... 
. ....... 
. ....... 
....... 
.... ..... 
........ 
.... .... 
......... 
........ 
. ....... 
........ 
.. ...... 
..... ... 
········ 
........ 
········ 
........ 
........ 
.... .... . 
........ 
...... .. 
---
.. ...... 
,038 
~ 
1-j 
t:".1 
0 
~ 
0 
t-4 
0 
0 
~ 
.~ 
00 
C.,'"t 
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The mean successive daily ran ge frequently, in summer doe t 
h l . ~ h , s no ~mou~t to more t . ant rn nrnety-1ou! t ousandth p~rt of an inch. The 
followrng calculat10n from the readmgs of the Smithsonian baromet 
during the last two years substantiates this fact. er 
Barometer. Jan. Feb. Mar. April. May. June. July . Aug. Sept. Oct, Nov. 
1-
Dec. Year. 
-- -- - -
----- - - -
- --
-~ 
Mean, 18f,6 .......... • )30 .114 .116 .114 .056 .091 .066 .070 .078 .088 .103 
.160 I .im 
Mean, 1857 .......... .110 .126 .101 .Oil .109 .062 .046 ,059 .057 .075 .llO ~I~ 
Mean for 2 years ..... . 120 .120 .109 .093 .083 .097 ,056 .065 .068 .082 .107 
.152 1 .ll'J.I 
The mean difference of the successive months above or below the 
annual average of the five years, as can readily be calculated from the 
data furnished, does not amount to more than one-sixteenth of an 
inch. Between the highest mean mensual mean and the lowest a 
fraction over one-fifth of an inch is found. The extreme ranges 
observed during the month are also limited, as may be seen in the sub-
joined table for 1857, wherein is also revealed the annu~l tide shown 
in the chA.rt of curves; gradually descending as the sun approaches the 
northern tropic, and ascending as he returns towards the southern.* 
January ....................... 0.633 July ..... , ...................... 0.349 
February ..................... 0. 713 August ........................ 0.401 
March ......... ., .............. 0.571 September .................... 0.411 
April .......................... 0.427 October ........................ 0, 526 
May............ . 0.433 November ..................... 0.590 
June ...................••••.•.. 0.404 December ..................... 0, 641 
The extreme annual ranges are also small. During 1853 the maxi-
mum height of the barometer occurred in November and Decemberf 
and read 28. 980, giving the difference as the extreme annual !a.nge 0 
1.460 inch. This, however, is the result of an extreme mmimumt 
never before nor since observed. A more reliable and the nextlow{ 
minimum was 29.380 inches, observed with Gay Lussac's sip on.:· 
rometer on the morning, 1st January, 1855, before daylight, dunl ~ 
a strong gale from the SE. The greatest mensual range w~s \ g 
observed in the same month, the maximum for the y~ar av; of 
reached 30.410 inches in the same month, and giving a d1ffer:n\ad· 
1.030 inch for the month as well as for the year The lowes r The 
ing for the same year was 29 .5 69 inche£ on the 19th Septe1;1be\ces of 
extreme annual range was therefore 1.050 inch. These 108ta tional. 
extreme range are very rare, and must be regarded as e~c!~57 but The extreme range for 1854 was only 0.850, and that O deter· 
0. 783 inch. During the rainy season northerly winds always ·on of 
mine the greatest elevation, and southerly the greatest d~pre:~e dry 
the mercurial column. This rule is not so constant during 
season. 
. -----• . uence of sorn• 
The mean for July of the series ;s higher than that of June, JO conseq tional, and 
pec_uliar dis~urbing causes in June, 1853, which year should be regarded as excep 
which may m part be attributable to a defective instrument. 
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. The mea~ annual atmo~pheric pre sure i put down t : . 
rnches. This has been obtamed from the men ual means derived fr m 
the three daily readings. The diurnal mean calculated from the 
h~urly ohserva~ions presents the following differences, which, if ap-
plied) would give the absolute mean for each month. 
BAllOMb'TER. 
Date. ' 
Daily mean. Hourly m ean . iffurence. 
1657. 
January 22 ·-------------- 30. 233 30. 237 +0.004: February 23 ______________ 30.018 2!1. 976 
- 0. 012 March 23 _________________ 30. urn 30. 172 +o. 033 
April 29 _ ·--------------- 29. 948 29. 932 -0.0lG May 2  __________________ 30.007 30.031 +o. 024 June 22 __________ ________ 29.889 29. 79 -0. 010 
July 22 -----------------· 29.856 2!l. 55 -0. OOl August 28 ________________ 29. 905 20. 927 +o. 022 Septe111,Per 23 . ____________ 2!). 922 2!). 908 -0. 014 October 21 _____ _________ _ ( 29. 9 6 2!). 96!) - 0.017 November 27 _____________ 30. 225 30. 20:i - 0. 022 
Deccm ber 23 .. ____________ 30. 165 30. 120 - 0.036 
Mean difference . __ ••• _ 
----- ------- ------------
0.020 
-
It will be observed, on referring to the diurnal as well annu l 
curves, that while each curve varies there is still, lue 11 wance bcincr 
made for disturbing causes, a very apparent imilarity, the vi l >o o 
of some regular moving influence, going and c miner, pre ent at n 
cason, absent at another, and returning again, and o n. 'rl1 
phenomena bear the closest analogy wiLh those b erv d a.t A] icr , 
Oran, and other localities on the southern h re of the M diterro.n an, 
a established by A. Mitchell, A. M., M. D. * 
TII::m !OMETER. 
Briti h and For ign 1 dico-Chirurgic I It 
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-
TIIERMOMEIER, 
Date. 
-
Daily mean. fiourly mean. Difference. 
1857. 
January 22 _______________ 48.00 48. 50 +o.5o February 23 ______________ 54.00 53.75 
-0. 25 March 23 _____ • ______ • ___ • 52.00 50.38 
-1. 62 April 29. ________________ 62.66 61. 88 
-0.78 111ay 22 __________________ 63. G6 62.46 
-1. 20 
June 
22 __________________ 
70.66 69.83 
-0.83 
July 22 __________________ 77.00 75.23 
-\.77 August 28. _______________ 66.33 65. 21 -1.12 September 23 _____________ 64.00 64.08 +0.08 October 21. ______________ 59.00 58.50 -0.50 November 27 _____________ 52. 66 53.58 +o. 92 December 23. ____________ 43.33 43.50 +0.11 
Sum. ________________ 
------------ ------------
9. 74 
Mean _. _____ • _. _. _ .... 
------------
,. ___________ 
o. 81 
As this correction is deduced from the difference between the obser-
vations of a single isolated day in each month of the year, due caution 
and allowance for variation of seasons and other disturbing causes 
must be exercised. For this reason we have not applied the correction 
to our tables, but purpose prosecuting the series of hourly observa-
tions ; and with a view to uniformity hereafter will adopt the ~erm 
days, commencing at 10 p. m.s mean time, Gottingen, on the Friday 
preceding the last Saturdays of February, May, August, and Novem· 
ber, and on the Wednesdays nearest the 21st of each of th.e 0th~I 
months. Another and most important object in this connex10~ wil 
be the determination of the hours of mean temperature. As will be 
seen in the table subjoined, the measures of the critical interval ~r~ 0 
from corresponding with the quantity obtained in all other localttie 1 
and which are generally so near as to amount almost to a conB tant, 
that the two times of the day at which the mean temperature 0?cur, 
can only be regarded as approximative. January affords a_ sol.1trt 
instance of the daily mean temperature occurring after midnig : 
viz: 12h. 30m. p. m. 
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Table of the Hours of Mean Temperature and the "critical interval" 
betweer~ those hours. 
--
-
·-
Date. Daily mean. Morning hour. Evening hour. Critical interval. 
--
1857. h. m. 
"· 
m. h. m. 
,January 22 ______________ 48. 50 ) l :rn 12 ~o 1:J 00 
B'cbru!\ry 23 ------ ••••••• 53.75 10 45 10 15 11 :30 
March 2 2 _ ••••••• _ ••.• _ • _ 50.38 8 41 9 19 12 :JR 
April 29 •••••••••••• ••••• 61 88 9 53 !) 7 
I 
11 14 
May 22 . ................. 62.46 7 30 8 16 )2 46 June 22 _________________ 69.83 7 :13 8 () 12 83 
July 22 •••.••••.••••.• ... 75.63 8 54 8 41 l] 4-1 August 2>l _______________ 65. 'H 7 36 8 17 ] :1 11 
•ptemher 23 
-----------· 
64. 0-1 8 42 9 55 1:3 13 
October 2 L ••••..•••. _ •• : 58.50 !) 38 !) 15 11 37 
November 27 _____________ 53.58 10 47 12 35 ' J:i 48 
Ucccmbcr 23 .••.•..••••.• 43.50 10 45 !) 30 10 46 , 
-------Mean. _________________ 
------------
-------------- --·- ---- ----
12 20 • 
One of the most striking features of the climate, seen n tho accom--
1,anying chart of diurnal variati n , is the greate t reduction of tom--
pcrature after the hour of maximum elevation. Il wsoever high• tho 
wave of temperature towers up under the iufluenco of a v rti ·n.1 ,sun, 
and cloudless sky, it sinks proportionately low durin,. th ni 0 ·ht, 
rendering it conl und chilly. As an in tance of th r"liability und 
freedom from exaggeration of the curves of temperature in thi rcHp ct, 
w wonld remark that the record of the thermomctr graph for July, 
1857, reveals a range of 41 cleo-rees, and am an daily rnngo of ]8.6 
cl gr cs, while the chart of diurnal b crvations d crib s a curve f 
only 24 degree·. rrhe following table •xhibits tho Huccc ivc hourly 
ningc during one day of each month in the year. 
19 s 
Ho urs. 
7a. rn. 
8 a. m . 
9a. m. 
10 a. m. 
11 a. m 
l2m .. 
1 p. m. 
2p m. 
3p. Ill, 
4 p. m. 
5 p. m. 
6 p m. 
7 p. m. 
Sp. m. 
9 p. m. 
10 p. m. 
11 p. Ill. 
l2p. m. 
1 a. m. 
I.la. m. 
3 a. m. 
4a. m. 
5 a. rn. 
6 a. m. 
Sum 
l\'.lea 
·········· 
·········· 
····· ····· 
·········· 
······ ··· 
.. ...... . 
········· 
..... .. .. 
·······. 
········· 
........ 
········· 
···· ····· 
......... 
····· ... 
········ · 
......... 
········ 
......... 
········· 
.......... 
.......... 
' .... .. ~ ~ 
·········· 
s ••••••••• 
[18, ••••••• 
---
! 
rn 
~ 
>, 
:;; 
::, 
~ 
.... 
- 4 .50 
- 3.50 
- 2.50 
- 2.50 
- 0.50 
0.50 
1.50 
2.50 
4 50 
4 .50 
3 .50 
2.50 
2.50 
l.50 
1.50 I 
1.50 
1.50 
0.50 
- 0.50 
- 0.50 
- 2.50 
- 3.50 
- 4 50 
- 3.50 
I 57.00 I 
2.38 I 
' 
! ~ g,i ~ 
"" ~ = 
..8 
., 
"' i:,;. ~ I 
- 4 .75 
- 2.$ 1 
- 4.~3 - 1.38 
- 3.75 0.62 
- 0 .75 2 .62 
0.25 3.62 
3.25 4.62 
4.25 5 .62 
5.25 5.62 
4.25 5.62 
4.25 5.62 
3.25 5.62 
2.25 4.62 
1.25 3 .62 
0.25 2 62 
0.25 1.62 
0. 25 - 0.38 
-
0.75 - 2 .38 
- 0.75 
-
3.38 
- 0.75 - 4 .38 
- 1.75 - 6.38 
- 1. 75 - 7.38 
- 2.75 - 8.38 
-- 2.75 
-
8.38 
- 3.75 - 7.38 
58.00 I 104.24 I 
2.42 I 4.34 I 
Tab/,e of s-i/cceuive Hourly Ranges of the 1 htrnzO'l?Uter far 1857. 
c,:; 
C'l 
00 a, 
c,, 
.&J ci ~ o, r.-i ~ w s C'l 
= 
a, 
I>, a, >, 
"" 
~ ,::: 
""' "" = = 
::, l) 
< ::.:1 .... .., < 00 
- 6.88 - 1.46 - 2.133 - 6.23 - 1.21 - 4.08 
- 4.88 1.54 2.17 - 3.23 0.79 - 2.08 
- 0 .88 3.54 6.17 0.77 2.79 0.9-2 
1.12 6.54 S.17 I 4.77 4. 79 1.9-2 2.12 7.54 8.17 7. 77 5.,9 2.92 
4.12 6.54 7 . 17 8.77 5.79 2.92 
5 .12 5.54 6. 17 9.77 4.79 2.9:! 
9.11.! 6.54 6.17 11. 77 4.79 2.92 
10.12 6.54 5.17 ]2.77 4. 79 3.9-2 
10.12 5.54 4. 17 9.77 4.79 4.9:! 
7 . 12 4.54 5.]7 6 .77 4.79 3.92 
5.12 4.54 5.17 4. 77 4 79 3.9-2 
4.12 1.54 3 . 17 4.77 2.79 3.92 
3.12 0.54 0.17 1. 77 0.79 2 92 
0.12 -- 1.46 - 1.83 - 0 23 - 0.21 0.!)2 
- 0.88 - 4.46 - l.83 - 2 . 83 - 2.21 - 0.08 
- 3.88 - 5.46 - 3.fl3 - 4 23 - 3.21 
-
1.08 
- 3.8~ - 6.46 - 6.83 - 4.23 - 4.21 - 1.08 
- 4.88 - 7.46 - 7.83 - 6.23 - 5.21 - 3.08 
- 5.88 - 8.46 - 8.83 - 8.23 - 6.21 - 4 .08 
- 6 . 88 - 9.46 - 8 .83 - 10.23 - 7.21 - 5.08 
- 7.88 - 8.46 - 9.8'.l -- 11.23 - 8.21 - 5.08 
- · 7.88 - 5.46 - 9.83 - 8.23 - 8.21 - 6.08 
- 6.88 - 2.46 - 5.83 - 10.23 - 6.21 - 7 .08 
123 .00 122.08 135.34 159.00 104.60 77 . 84 
5.13 I 5.09 5 .64 6.63 4.36 3.24 
~ c,:; C'l 
..... ,.. 
... C'l 
"' 
a, ,.. 
.&J
.&J a, f § .&J 0 > C) 
~ 0 ~ z 
_ 5.58 I - 3 50 - 5.50 
- 2.50 - 5.58 - 5.50 
- 2.50 - 3.58 
- 3.50 
1.50 
-
1.58 
- 1.50 
1.50 0.42 0.50 
4.50 1.42 2.50 
5.50 2.42 I 4 .50 4 .50 2.42 4.50 
4.50 3.42 5.50 
4.50 2.42 4.50 
4.50 2.42 3 50 
3.50 1.42 3.50 
2.50 l.42 I 2.50 2.!>0 0.-12 1.50 0.50 0.42 0.50 
- 1.50 0.42 - 0.50 
- 2.50 0.42 - 2.50 
-
J,50 0.42 - 3.50 
- 3.50 - 0.58 - 2.50 
- 3.50 - 0.58 
-
1.50 
- 3 .50 - 0.58 - 1.50 
- 5.50 - 0.5~ - 2.50 
- 4.50 - 0.58 - l.50 
-
3.50 - 0.58 - 1.50 
------
80.00 39.68 67.00 
3.33 1.65 2 .79 
Mean. 
----
.......... 
·· ········ 
........... 
....... ... 
.......... 
. .. ....... 
.......... 
. ......... 
······ ·· ·· 
......... 
. ......... 
·········· 
.......... 
. .......... 
·········· 
.......... 
·········· 
...... .... 
······ ···· 
.......... 
....... .. 
. ......... 
.......... 
·········· 
----
.... ...... 
---
3.92 
~ 
~ 
0 
~ 
t.%J 
1-3 
t.%J 
0 
~ 
0 
t"' 
0 
~ 
~ 
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The mean daily range for each month is exhibited in the subjoin d 
table, which embodies the two last years' ob er,ations with the thcr-
mometrograph. 
For 1856- '57. ~ i · I I ~ 41 t I ~ 1 .a g ~ ! ~ ~ ~ ~ i 3 j I t ~ ~ ~ ~ ~ I ~ ~ ~ ~ ~ f o ~ o ~ 
Mean of oil highest readings by day. 51.32 57.3!: 63.56168.22:71.30 79.20 78.05 81.03 ~67. 75;59.41-~ ,67.2!J 
Moon of •II lowe,t,e,diog, by, ighl 39. 81 43. 7' 47. 9!i50. 01 53 .'5 ~ :58.88 6'. 69 55 .<5 49. ~r4'. o,,'37 .80150. ,a 
Mean daily mensual range ......... 11.51 13.66 15.65ll8 .2117.95 20.3222.07 16.312:l.54i17.89j~· 77 12.t!4~ 
Dividing the year into its meteorological seasons, the mean daily 
range will be as follows : 
15° .84 
19°.64 
16°. 3 
12° .1s 
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exceeding that of the mean annual. Sometimes a greater degre f 
cold is experienced in March than in February, and at other ti~o 
spring is as well advanced in March as at other seasons it is in Mt 
In 1855 the mean temperature of May was 3° lower than that yf 
April, 1857, ?ot~ithstanding, the distrib~ti~n. of_ heat for the thr~ 
months of sprmg 1s marked by no great vanab1hty m successive years 
nor great constant differences of the months . The measure of heat 
increa1:ies very gradually from month to month. Indeed the same 
uniformity of temperature is found to obtain througho~t all the 
meteorological seasons. In summer the greatest vicissitudes of tem-
perature are found to occur, as is readily seen in the subjoined table 
for 1856 and 1857. The commencement of autumn is quite similar 
to the beginning of spring in its mean of daily temperature. The 
earth remaining warmer than the atmosphere under the decline of 
temperature, activity is partially renewed after the drought of summer 
by the influence of the light early showers of October. The first frosts 
occur about the middle of November, and the decline into winter is 
prolonged until the latter part of December. Ice is seldom formed 
before the beginning of January, and then rarely remains unthawed 
for 24 consecutive hours. As a physical constant it is a matter of 
some difficulty to place within 5° of different latitudes isothermal 
lines for the seasons. That of 60° for the spring, designed for the 
United States Army Meteorological Register, which connectsSacra~ento 
with Beaufort, North Carolina, on the Atlantic coast) and San Diego, 
on the Pacific, curves 5° 52' latitude to the south on arriving at 
the latter point. A corresponding divergence to the north occurs 
during the winter. The isochimenal line of 45°, which is common to 
Beaufort, North Carolina, and Sacramento, describes a northerly curve 
of 8° 03' latitude before reaching the Pacific at Port Orford, O_regon, 
latitude 42° 44'; the mean annual temperature of which place is only 
53° 6'. The faotberal of 70°, starting from latitude 40° on tl~e 
Atlantic side, comes out on the Pacific coast on the paral~el of 3_0 · 
The great curvature to the south on the Pacific coast during spn_ng 
and summer demonstrates one of the peculiarities of the distribut!on 
of heat in this region. For the mean of the three months of spnna 
the sea temperature which predominates on the line of coast weStW~r t 
of the coast range of mountains is strikingly uniform , and shows ~ 
little, if any, advance on that of winter. Indeed, the same :aloth 
said of the summer months. For some hundreds of miles on t e the 
parallel there is very little difference in the sea temperature ford'ng 
entire year, and, the cold of the Pacific in summer extends, accorT~u 
to the Army Register, from the 50th to the 30th parallel. l]ey 
while the extremes of summer heat are common to the whole vature 
of the Sacramento and San Joaquin, the mean summer tempera ded 
of San Francisco is only 60°, and there is only one day reco~ure 
among the observations of Or. Henry Gibbons when the tempera 
rose above_ 79° during the summer months. 
Dill,.,, 0:1il}' 
menu. 
!l.1.6i' 
48.:13 
M.33 
61.67 
56.67 
Gl.67 
ef n tur,, a• 
ll'RISO, SUMMER, 
Wind ... 
in«i from two irn«a..~l't! daily mt!'.ws; c.al.c:tdaud for ine m£1rorol.ogi.cal uawn~ of 1856 and 18~1. 
1856. 
AUTUMN, Wl:STER. 
Winds. Winds. 
,id-~i- l---r---,--- 1 
tude. 
1. 2. 9. 
Date. I Daily Tici,si- 1 
mean. tude. I 
__ 1 __ ._1_. 2. 9 . 
Date. Daily 
mean. 
Vicissi-·-----.----
tude. 
7. 2. 9. 
Date. 
Wiuds, 
Daily. IVicissi- ----~ 
ruean. tude. 
7. 2. 9. 
41.38 1} 967 NE .. ~ 88., 51.00 ' NE. S8 .. SW. } 5.3-1 
} 7.34 
! 5.00 
NW . 
~w. 
x .. 
:-.w. 
·"· ... s .... 
l\'W .. 
l\W. 
X .. 
,w. 
~w. 
SW •• 
I I 
w ... \fay 3 
NW . 4 
S \Y .·June 13 
"" .. I 1-1 S .. Jutyll 
SW. 12 
Aug. 5 
6 
" pl. 2:? 
23 
57.67 }io 66 NW, I NW. 68.33 · S .... SW .. 
i9.t!0 l 8 6- E ... S ... . i0,33 f • I S. "' 8 ... . 
81.67 l 9 34 SE .. S .. .. i:?.:,3 f · SW. S .. .. 
i0.67 t S 66 s .... s .. .. i9.33 · S .... NW. 
~.00 10.67 1 B,E. ·1 ~- .. 
,1.67 N ... N ... 
S .... 1Oct. 28 
SW. 2!! 
S .... Nov. 2 
s.... 3 
s .... l s ... . 
s .. .. 
SW .. 
SE .. 
N\Y., 
1857. 
l 8_34 x ... ~w.l ~ .... ' Oct. 16 f S .••• NW. "XW .. · 17 
l 8 67 l\'W · l'-W. SW .. Xov. 5 
I ' SE . . SE . . SE.. 6 
l 7.33 s,i:: .. S;--· SE .. { N ... N .•. ~w .. 
l 6 33 SE .. s·w .. SW .. 
f ' SE .. NW .. , SW. 
l ; 33 N .... , N . . . S .. , . 
I . I XE.. N.... SE .. 
59.00 ls 00 NW .. N .. .. IN ... !Dec. 22 67.00 f · N ... NW .. i\W.. 23 
68.U0 lg 67 NW. !\ W .. NW .. Jan. 6 58.38 j • N ... SE . . SE .. I 7 
1 
I l I 
6'>.00 I }6 00 N ... N ••. sw .. •occ. 6 2.0<l · SE .. W .. .$W .. 7 
62.67 }100 SE .. SW. SW .. 55.67 · E ... N ... NW, 
46.6, la 00 N ... NW. N ... 
38.67 S · N . .. NW.I N ... 
49.00 l 
4:J.67 f 5.33 SW .. NW .. NW. N .. . NE .. N ... 
~ 
t_:r:j 
~ 
0 
~ g 
0 
~ 
t,,:) 
CD 
~ 
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Hygrometry, Wind, Hail, Snow, Electrical and other Phenomena. 
An examination of the results of the psychrometer will reveal the 
peculiar state of the atmosphere during the summer months. So great 
iH the apparent aridity at times that the lower oorial strata are fre-
quently found to contain during the hottest part of the day not more 
than 15 to 20 percentage of their capacity for moisture. As an iso-
lated and extreme case, on the 10th July, 1856, at 2 p. m., wind 
N. and light, and temperature 100° , the dew-point was found at 
22°. This, we believe, is the greatest dryness that has yet been ob-
served on the surface of the globe on low lands. Humboldt, in his 
Cosmos, states that the greatest dryness he has observed was in the 
steppe of Platowskaja, after a SW. wind had blown for a long time 
from the interior of the continent. With a temperature of 74°.07he 
found the dew-point at 24°, the air containing i/0ths of aqueous 
vapor. The principal agent in this hygromet.ric peculiarity of the 
climate is to be found in the direct effect of northerly winds. In the 
winter and spring the north winds are the coldest and serve, as the 
land is then cooler than the sea, on account of the distance of the sun, 
to condense the moisture wafted with the atmospherical current fr?m 
the southern hemisphere, and to precipitate it in the form of ram. 
During this season the southeast trades, charged to their utmost 
capacity with moisture, commence descending as their temper~ture 
decreases, and precipitate more and more rain as they become chilled 
by the north winds. During the summer, owing to the fact of the~e 
northerly winds passing over a highly heated and arid surface! their 
temperature is raised, thereby increasing their capacity for moisture, 
which not being able to obtain from the surface passed over, they 
appear as dry winds, reminding one of the reputed sir?cco. of Italyt 
Nevertheless, dry as these winds apparently are, on commg m contac 
with the westerly winds chilled by the oceanic polar current along the 
coast, and their temperature being again reduced, the vapor t~er c~nd 
tain is rapidly condensed; hence the heavy mists that are precipita et 
during the afternoon at San Francisco and at the gaps alo~g th~ crs · 
In the valley, as a general rule, the direction of the wmd 18 ~~:. 
north by west to southeast. It seldom blows from the ~a.st or ?0d off 
east with any appreciable force. Doubtless the pr_eva1hng wrn t b· 
the coast, where no 'causes of local deflection exist, IS west, ds e!i\s 
lished by Lieut. Maury. This wind, rushing into the heate v; ~a-
through the gap at San Francisco and Benicia, reaches us. at ;~ile 
mento and the n0rthern part of the valley as a southwest wmg, th· 
at Stockton and the San Joaquin valley it is a westerly a~ nf~o!Il 
westerly wind. To this wind, together with that descendrng_ hts, 
the slopes of the sierras, may be attributed our cool summer: n\gseen 
The influence of the winds on the temperature, as we ~ave JUS ding 
'th t h h · f h · nes accor WI respec to t e ygrometnc condition o t e au, va therlY 
to the season of the year. It is during the occurrence of nor hich 
winds in the summer that we experience our hottest weather, wlized 
seldom lasts long, however, before the temperature beco~es .e~u:f our 
by_ a change of wind to the southward. Upon an exammatIO during 
daily and hourly records we find it to be a common occurrence 
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occurred at a point within eight miles of the city, in May 1854 , 
represented to have been very violent. But we have experience'd noth' 18 
in this locali~y like that, proceeding from a dense nimbus, which 8~~~ 
d~nly ar?se t~om the south we t on t~e 13th ?f May, _1855, and, while 
d1schargmg its watery content , rivalled, m the v1vid shocks of its 
well-charged battery, the thunder gusts of more tropical regione 
The aurora borealis has been ob erved only once-on the night of 
the 16th of December, 1857; the sky being entirely clear at the time 
the wind light, fr~m the east-the thermometer reading 44°, and th~ 
barometer 30.321 mches, reduced for temperatnre. This phenomenon 
first appeared in a northeast direction, in the form of a diffused light 
defined by an arch below. From this arch, of about. 15° radii above 
the horizon, the light extended in width apparently 10° above Alioth, 
in the constellation of the Great Bear, and gradually spread over the 
whole northern section of the heavens, the dominant hue being deep 
rose. Its aspect, however, wa frequently changed by the successive 
appearance and shifting of streaks or columns of white light, which 
seemed to be more conspicuous at either extremity of the arch. With 
the exception of a somewhat similar phenomenon seen once at Sonora, 
Tuolumne county, during the winter of 1852-' 53, we have heard of 
no other instance of the aurora being seen in California. . . 
Before proceeding to a consideration of the rains we would, m t~1s 
connexion, briefly refer to the transparency of the atmosphere for which 
California has been noted. The relative frequency of clear and cloudy 
days in summer and winter, as appears in the tables, although sub-
stantially correct, does not convey a just idea of the clearness of th_e 
sky. The results are calculated from three daily observat~ons_; . and ~f 
it so happens that at either of these the least cloudiness 1s v1S1ble 1} 
is recorded as a cloudy day, without regard to quantity. Now, one 0 
the peculiarities of the summer climate is, that if there be ~ny c~ot 
iness during the day, which is rarely the case, it is almos_t mvana. Y 
clear at night. Indeed, on this account, perhaps there 1s no reg\on 
better adapted to astronomical purposes ; for, as Sir David Brews ~r 
expressed his wish) "no clouds disturb the serenity of the firmamen,: 
and no changes of temperature distract the emanations of _the siars. _ 
As to the quantity of cloudiness, thjs not having been estimate pre 
viously to the last two years, of course the results in this respect ca~f 
not be regarded but as approximative to a constant, the num er 
cloudy days having been in excess during 1856 and 1857 · 
RIVER, RAINS, ETC. 
. . . t d by the The rise and fall of the river at Sam.amento 1s gradua e nted 
terms high and low-water mark, or zero. A solid column, Stif.011 Sep-
with a wind-vane, was set up by the city near the river ban lil ever 
tember, 1856, when the river had attained the low~st stage ree 
k~own. The fig. 2 in the accompanying hydrographw scale agThe 
with the zero in our published observations up to that da!0 •16 feet 
mean depth of the channel of the river in this neighborhood~~ ards. 
below low-water mark and the width of the river is about 3 Y nto 
Th · · ' t S crame ' ere 1s a tidal rise and fall of about one to two feet a a 
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Journal, will suffice. As therein stated the winter and spring f 
1849-'50 was a season of continual outpourings. The first settle° 
tell us that the rain came down in torrents, and that tubs and casks 
left out at night were found full and overflowing next morning. This 
must, of course, be taken cum grano salis. There were no ombro-
meters in those mythical days, when the rain appears to have been a 
abundant as the gold. Doubtless the rains were copious· certainly 
'they set in earlier than they have ever done since. " Th; first rain 
of 1849 took place on the 23d of September. rrhrough the month of 
October they became much more severe and cold, and, as no adequate 
preparation had been made for protection against this element, the 
sufferings of the immigrants wl3re consequently aggravated." * 
* * "Through the latter part of December and beginning 
of January, 1850, the rains were so heavy that serious apprehensions 
began to be entertained, for the first time, of an inundation." * 
* * '' By Christmas the water was over the lower portions 
of the city ; on the 8th of January, 1850, it rose rapidly ; and on the 
10th, and for several days after, there was no dry land in town, except 
the knoll at the public square." * * * "In a few days 
the waters subsided, the sun broke from its cloudy confines and shone 
bright and beautiful again. This weather continued until the heavy 
rains of the following March." * * * "On the 7th of 
April the waters began again to run into the town, and on the 8th 
the council voted an appropriation of money for constructing~ tern· 
porary- levee, which was made, and the principal business portion of 
the city saved from an overflow."-(History of the City.) The open· 
ing half of the winter of 1850-'51, when commence our own observa· 
tions, was rainless, and consequently the river remained at low-water 
ma:k until J~nuary, 1851, during whi~h mo_nth .about t~ree-fourths d 
an rnch of ram fell, and a correspondmg nse m the nv_er occurre ·i 
From this period the river remained very low until April 5, whe~ 1 
attained, although by no means a high level, still a greate_r elevation 
than at any prior date of the season, and navigation continued 0Pf 
to most of the upper trading points on the Sacramento,. as we~l .a\ ~ 
Marysville, until the summer. The rains that fell dunng this in er 
val amounted to about 4 inches. . 88 The rainy season of 1851-'52 commenced early, and _th~ nve~ :t°of 
correspondingly. By the 30th December it was up to w1_thm 4 fe to 
its natural banks, in consequence of the heavy rains which fe6l tber 
that date, amounting in the aggregate, during September, ? 0 i~ 
November, and December, to about 10 inches; thus com_pen~atngyear 
a measure, for the deficit of the previous season. rrhe ram O t e 800 
1852 was well distributed among all the months of the we~ ~ea ain' 
and amounted in the aggregate to about 27 inches. The h_eavie!s ~ver· 
occurred in March and December, and consequently the city Th fir t 
flowed both these months, the levee not proving adequate. :hing 
of these inundations occurred on the 7th March, owing to the:~ lake, 
away of the embankment at the flood-gate in the levee at Sut week 
as well as to a crevasse on the American river; and f?r 0Z!iowed 
near1y the whole city remained submerged. The rains which ~wn for 
after the e:reat fire of November 1852 were the heaviest kn 
<J ' ' 
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that season of the yea.r of which we have any po itive record. About 
12 inches fell in December. Accordmgly the river ro. e 17 inch •s 
higher than in the flood of 1850. From the 25th Decemb )r to th 
24th January, 1853, when the waters began to retire, the city r ,_ 
m~ined almost entirely submerged. During the following March tho 
fall of rain amounted to 7 inches, and again a corresponding ri e of 
the river occurred. On the 29th it rose 12 feet in twenty-four hourH, 
and soon reached above the original banks; and, backing up from a 
break in the levee at Sutterville, the greater part of the city wa 
aO'ain overflowed by the 2d April, and thu remained more or leHs 
deluged until the rains subsided towards the la t of M•1.y. Tho 
amount of rain that fell during the latter month was nearly 1 ! inch, 
and the aggregate for January, February, March, April, and May, 
and which kept up the river at so high a level, wa about 17 inches. 
From the period to which we have thus brought down our account 
of the freshets of the Sacramento river and the corresponding rain , 
up to the present time, (1st January, J858)) there ha been no x-
traordinary rise to record, as may readily be seen by a glance at tho 
hydrographic scale. As may also be there seen, the rains during the 
ame interval have been considerably below the average. 
Abstract qf Met,eorological Observations made at Sacramento, California, during the yoor 1856, latitude 38° 34:' 4:1'' N., longitude 1210 27' 44" W:, (as det.erminedby G. E. 
Goddard, 0. E, late of the Stat,e Surve?Jor General's office,) u-i,th monthly remarks.-By 'I'lwmas M. Logan, Jf. D. 
1856. 
BAROMETER, 
~ 
"' ::j i:: 
c,S ,, 
Inches. 
:~~;~;::::::::::::: :::: :::: :::: :::: :::: ::::::::::::I !t!i~ 
'l'HERMOMETER, 
Maximum ................. , .............. ,. .. .... ... . 59.00 
I 
Degrees 
:~~~~.~~ ... :::: :: :: :: :: :: :: ::: : :: :: :: :: :: :: :: :: :: : : :::: ~t~g 
THERMOMETROORAPH , 
Maximum ............................................ . 
Minimum .......................................... .. 
Range ..•..•...•..•....••••..•.•...•.....•••••. , •• •• •. . 
DEW POINT, 
Maximum •.••••• . ••••• •••••••••••••• ••• .••• • .•••• • •• . 
Minimum ........................................... .. 
Mean ..• ...•••..•.. . .•..•••••.•••.•• •.... •• ..••. •••••. 
RELATIVE HUMIDITY. 
Maximum •••••••••.••••••••••.•••.••.•••••••.••.•••• 
MittililU[ll ···••··•• ·••• • ••• ·•··•••··•• · . • . •••• • •••• ••.. Mean ............ .. ..... ... .... .. ........ .. ... ....... . 
60 .00 
30,00 
30.00 
53.00 
2!J.00 
42.49 
.946 
.676 
.862 
Days. 
Number of clear dnys .................................. ·\ 10½ 
Number of cloully and foggy days. ..... ... ..... . ....... . 20! 
Number of rainy aays .... . . . . .. . . . . . . . . . • • . . . .. . . •. .. 17 
. I . I t I i I ..: ~ • ..0 ..: .a .2i 
"' . t: S c.> ;: E ~ '@ ~ :::. 1 ~ :,:, I rn !!l I s ~ "' ~ c,S ""c:s l i:: '5 :::, g- t.) 0 ~ ~ ~ < ~ ~ i, < 00 0 Z ~ 
--- --- --------- ------ ------ ---
C: 
~ 
"' ::s 
Inch<,. I foh"· I'"""· I"'''"''· In,ho. I Inch". I Inch" . I b•hu. Inchu. I I,•hu. I Ia,hu. I Inchu. 30.:!05 30.271 30.230 30.079 30.114 30.036 29.9!JO 3U.06'5 30.2!14 30.344 30.619 30.215 
29 .692 2!J.665 29.59!J 29.614 j 29 .626 29.694 29.65! 2!J.569 2!J.7:21 2!J .750 2!J.7U7 I 29.66U 
30 .009 29.98:J 2!J .981 29.890 , 29.845 29.849 29.83,l 29 . 843 30.024 30.0{il 30.218 29.961 
Degrees.I Def!rees. lDegrees. lDegrees.lDcgree&. I Degrees. !Degrees. I De{{rees. ,Degrees. I Dee;rees.l Degrees ,Degrees. 
66. 00 78.00 69.00 80. 00 !J4.Ci0 IOU.OD 98.00 95.00 77.00 77.00 54.00 78.91 
42 . 0U 39.0~ 46 .00 49.UO 61.00 63.00 58.00 ~7.00 I 41.00 36.00 3:2.00 I 46.3~ 
52 .64 57.03 58.80 63.!Jl 71.06 75.12 69.59 10.93 58.04 52.18 43.86 60.0D 
6!J .OU I 79.00 I 70.00 I 83 .00 I 97.00 1 100.00 I 99.00 I 98.00 78.00 I 79.00 I 54.00 I 80 .00 
37.oo 31.00 43.oo 45.oo 52.00 55 . oo 53.oo 52 .00 I 37.oo 34.oo 29.oo 42.00 
3-2 .00 42.00 27.00 38.00 . 45.00 45.00 46.00 46.00 41.00 45.()(l 25.00 38.00 
52.00 
22.0U 
41. 82 
.943 
364 
:758 
Days. 
13½ 
15½ 
4 
64.00 
31.00 
45.64 
.939 
.4l3 
.732 
Da1~. 
15 
5 
59.00 
35.00 
46.06 
. 938 
.412 
.74!J 
Da13 
17 
'8 
60.00 
45.00 
52.03 
.886 
,387 
.710 
Days. 
13½ 
17t 
4 
65.00 
2!1.00 
53.90 
.890 
, 175 
.626 
Days. 
21½ 
Sf 
1 
66.0U 
22.00 
53.87 
.811 
. 096 
. 569 
D ays. 
:lflt 
2t 
......... 
66.00 
24.00 
53.45 
.810 
.11 9 
.651 
D ays. 
25½ 
5½ 
········ 
59.00 
24.00 
49,56 
.876 
.113 
.536 
Days. 
ll2l 
7t 
t 
56.00 
29.00 
44.84 
.939 
.268 
.695 
D ays . 
18¼ 
12½ 
lf 
55.00 
3l.OO 
41.40 
.939 
.251 
• 748 
D ays. 
14 
16 
6j 
48.00 
28.00 
37.25 
.944 
.520 
.821 
Day!:i 
22 
8 
58.70 
29.08 
46.85 
.905 
.316 
. 704 
205J 
160½ 
55¾ 
Quantity of clouds ........ . ........................ .. 
1"ches of rn\n ...•....•••.••......•••••...•.••.•..•.. .. . \ 
6.6 \ 4,7 
4.919 o.692 I 
5.7 
l.403 
6.5 
2.13-:2 
5.6 
l.841 
3.1 
0.033 
3. 8 
ThtaU) 
6 . l 6.9 7 . 4 5.3 
0.195 0.651 2.396 J.4.262 
3.5 3.8 
· • • · • • · · 1 • • • ....... 1Sprinkle 
Averages for 
1 four years, 
Inches. 
- .008 
- .030 
- .024 
Degrees. 
- 1.52 
+ 1.13 
- 0.21 
+ ].19 
- 4.48 
- 0.88 
D a'lfs, 
9½ 
+ 12¼ 
- 2¾ 
- 3.Y<H 
Ci.;, 
0 
0 
~ 
~ 
~ 
t,:j 
0 
~ 
0 
~ 
0 
0 
~ 
16.56. ~ 
::, 
C 
d 
... 
lsl day,- &nd 2d force of N. wind. . . 10 ' I . 7 
Do ..... ... ... do .... NW. wind. 7J 1.8 
Do .......... do .... W . wind.. l O.l3 
lJo ........... do .•• S\\'. wind. ¾ 0.3
1 
Do ........... do • 8. wind... I , l.8 
no ........... do .... SE. "itid.. . 4f 2.2 
l)o .... ....... do .... E. wind... 3f 1.7 
Do ........... do .... ?'. .E. wind, I 3 1 1.5 1 
6 
d 
i 
r:.. 
7tl 1.6 10 a 3 
It 1.5 
lt l.5 
It , l .0 
411.3 2 J.0 
1 1. 7 
Ab.trod of JltittJrologit»J Obao-vatiom-Continued. 
u 
d 
::g 
4~1 1.3 7 J.4 
2 0 7 
4J 1.1 
I U.6 
61 1.6 
2 1.0 
2J 1.0 
-~ ~ 
< ::.! 
4J 1.6 J.j.l 1.1 
5-½ 1.7 2} Us 
3J 1.5 JJ 2.1 
4! l. 7 7J 1.6 
5¾ 1.9 11½1 1. 7 SJ 2.1 6 1.5 
t U l ... t ·i:o 
~ I ~ ,.,: 
s t I s ~ ~ I >, I ~ I i E ~ g 
- ::, CJ O a) ~ ~ < ~ 0 I z Q 
--:-:,~ ·--::--:-:--:-:-:---12.1 -6-11.8 
4½ l.9 2½1 2.0 If 1.8 4½ 2.3 7~ 2 0 7 2 6 8J 2 I 
:t ii:i I / t~ !t t1 : L~ ~¾ U k1 U 2f t~ 
11½ 2.2 10½ 2.2 11 2.1 6 2.2 5¾ 2 .5 2 2.6 l¾j 1.6 
2½ 2 0 St 2 5 10½ 2.o 5 2.1 5{ 2 .4 5t 2.4 8 2.8 
t 1.0 t 2.0 ½ 2 .U l½ 1.2 I¾ 1.3 It J.3 .... j .... 
t 2.5 t 1.5 1 2.0 2½ 1.0 ½ 1 0 2 2.0 ::It 1.7 
I 
= 
"' ~ 
60¾ 1.6 
69 2.11 
::.W I 7 
48½ 1.6 
6 •¾ I. 8 
69¾ 2.1 
l3J 1.1 
18 1.4 
A vernges for 
four years. 
Days. 
+ 27½ 
- 3111-6 
+ 5¾ 
-18* 
+ 16 
- 7 
+ 3t + 71-6 
~ 
~ 
ttj 
0 
~ g 
0 
0 
~ 
c:..:, 
0 
~ 
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GENERAL REMARKS . 
. The foregoing table for 1856 is the result of three daily observa. 
t10ns_, made _at 7 a. m., 2 p. m., and 9 ~- m., :vith the instruments 
and rnstruct10ns recommended by the Sm1thsornan Institution The 
readings of the barometer have been reduced to the temperature of 
32° Fahrenheit, but not to sea level. The height of the lower sur-
face of the mercury is 41 feet a hove the mean level of the sea at San 
Francisco. The rainy days are included in the cloudy and foggy 
days, and are also put separatAly to show the number of these days 
on which rain fell every month. Professor Coffin's psychrometrical 
table for determining the elastic force of aqueous vapor and the rela-
tive humidity of the atmosphere will be used in our register hereafter, 
and the dew-point column omitted. The following corrections of 
errata are to be applied to our tables for 1853-' 54, published in the 
Smithsonian Report for 1855 : Barometer mean for September, 1853, 
30.00, and mean mean 30.02 inches; mean of barometer for January, 
1854, 30.11 inches. 
MONTHLY REMARKS. 
January.-The means of the barometer and thermometer were~bove 
the average of the three preceding years, the former by 0.254 rncb, 
and the latter by 3.59 degrees. The rainy days exceeded the average 
to the number of seven. There were five days of more or less. fog. 
The quantity of rain was plus the average 1.460 inch. A sprmkle 
of snow, just enough to be perceptible, occurred on the 8th at 9 a. ID, 
On the 3d frost remained all day unthawed in the shade. 
Februaru.-There was little variation in the atmospheric presauhre 
., 1 t e from that of previous years. The mean temperature wa~ Pus wil-
average by 1.14 degree. Spring opened early. On the 7th ~h\6th low (Salix) flowered. On the 13th the buttercup, ~nd on t e f the 
the wild violet were also in blossom. The rain fell short 0 
average by 1.460 inch. . re this 
March.-The temperature exceeded the average st~ll mo O the 
month, being plus 3.12 degrees. Spring progressed rapidll° fi /out, 
] st the peach was in full blossorri, and on the 10th was ea~ ches 
Although the deficit of rain for the month amounted to 2.5 6~t der' 
frequent showers, accompanied on the 29th by lightning _ahd uv:iled 
tempered, in this locality, the effects of the drought whic pre 
generally throughout the State. . of the 
.April.-Tbere was very little variation in the readmgs onable 
barometer and thermometer from that of previous ye~rs. SeaficiencJ 
rains invigorated vegetation, and although nothing like th0.d\y high 
was made up, still the Sacramento river remained comp~rat~~ee 800w. 
for the season, in consequence of the warm rains meltmg r than 
Its temperature averaged about 54°, being four degrees lo;~e 29th. 
tbat of well water. The last frost of the season occurred on d toward 
The barn swallow made its first appearance on the 1st, a~i' their 
the latter part of the moll.th wild geese were observed wen iog 
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way northwardly. At the last of the month salmon and sturgeon 
braan to a cend the river in considerable numbers. 
May.-The average readings of the barometer and thermometer 
did not vary much from those of the four preceding Mays. The pro-
longation of the wet season to the last of the month somewhat c m-
pensated for the deficiency of the sernestral fall of rain, which wa 
reduced down to 6.263 inches. On the evening of the 6th, 8th, and 
th sheet lightning in the northern horizon revealed the time of 
occurrence of terrific hail storms at variou points at the e r pective 
dates. That which occurred at Butte creek, ha ta county, wo.111 
accompanied by a gale, the belt of which was not ov r half a mile in 
width, and the extent of ground on which the largest i1,;ed hail foll 
two miles. These hailstones were about the size of carbine ball , of 
a nucleus of ice surrounded by snow, apparently. n the 21st now 
fell lower down on the foot hills than at any previous time during the 
winter. The temperature of the river still remained 4 degr cs l w r 
than that of well water, the current running at the rate of 11 ur miles 
an hour. 
June.-Throughout the whole month the weath r was very variable. 
Instead of the close, sultry atmosphere that u ually btain as the 
un enters the calm belt of Cancer, strong, chilly wind , varyin fr m 
W. to WNW., just at the period of the summer 1 tic , pr -
vailed, freighted with moisture from the ocean. A the land, how-
ever, had already attained a high degree of tomperaturo, f c nrsc it 
c uld not condense the vapors of water held by the air; con q 1l ntly 
no rain fell after the 1st, when 0. 033 inch are now ~hr njcl d a th 
1 t for this extraordinary eason. The total unt, theref' r , f 
rain for the season of 1855-' 56, at Sacramento, w s mi nus tbe aver cte 
4.264 inches The river continued to fall steadily. Ita t rnpcrat11re 
n the 21st was 4 degrees higher than that of w 11 water 12 fo t 
below the surface, which fact howed that the great bulk r th 
melted snow from the mountain had pa sed if. 
July.-Notwithstanding the cloudless sky which char t riz ·<l 
nearly this whole month, the tempering of tho atm sph r · by fr Rh 
utherly breezes was more obvious t on ' fo lingM th n y th 'th r-
tnometE:r, the mean of which wa only .6 min 1 th v rn,g f'_ th 
thr e precedinO' Julys. During the few dayH that n rth wardly \ 1 ~clij 
predominated the heat became in ten e. An i mportn, t met r l g1 lLl 
fact conn cted with this unpleasant ~incl ~ th ~ u,11 th moi tu~' ha 
been wrung out of it that a dew-p 10~ f zer. m tl~c ·olcl l_lt. 1tud • 
c uld extract. It is, indeed, a return wrnd, whlCh_, aft r hi win v •r 
the surface fresh from the ocean, r w c ld r n. 1t ~ s north, , ~ ·~ 
the pr ces of con den ation c m mcnce , and w h n 1 . ~om hnc~ 1 t 1 
parchina an obnoxiou t animal nd v t hi ltf u t,h' 1rnnon 
fthe a te~n de ert. The river r che v ryl w 1, hi month, 
and it temperature at 12 fe t b low the urfa e r a 1 75°, whil w,•ll 
water at the ame depth w 
Augu t.-Thi la t f th m m r h .. lo d 1ft r o. _r m11~k-
ably c ol umruer The wh le num r f dny of •. r •m l Lt 10 h1 :h 
the th ·r om ter re ched O and upward nm un l t nly 11 f 1 
the u er, viz: two in June, si in Jul , nd thr 
304 METEOROLOGY. 
the 26th the temperature of the earth at 53 feet below the sur£ 
(the depth then obtained in an arte ian well) was 60°, the thermome~ce 
having fallen about a ~egre~ and ~ half tor every 10 feet from th: 
depth of 15 feet, at the time of reaclnng which latter depth it read 660 
September.-This month was characterized by variable weather· 
The barn wallow made its last appearance on the 5th. On the 10th' 
at 5½ o'clock p. m., we were suddenly visited with a high wind fro~ 
a heavy bank of clouds in the southwest horizon, which at one time 
presented indications of approaching rain, but was intercepted by the 
arid mountains and high 1ands of Santa Cruz, Alameda, and San 
Francisco) where the accompanying lightning and thunder are reported 
to have been extremely violent. 
For several days previous to the equinox a regular declension of 
atmospheric pressure was experienced, attended with a _stagnant, 
sultry condition of the air. This was succeeded by a sprinkle of rain 
(the first of the season in this locality) at daylight on the 20th, when 
the lowest reading of the barometer, as above, was recorded. As the 
sun entered Libra, however, the weather presented one of the most 
favorable specimens of our autumnal climate, a fresh circulation of 
air being kept up by southerly breezes. 
The most remarkable feature of the month was the brilliant rerolite 
which appeared on the evening of the 11th, at about 8 o'clock., As 
it was seen simultaneously in an area of several hundr~d miles, 
bounded by Red Bluffs, Iowa Hill, Stockton, San Fra~cisco, and 
Santa Cruz, the probabilities are that at the time of its bnef _app~ar-
ance it was in the upper regions of our atmosphere, and that, Judg'.ng 
from the intervaf that elapsed between its explosion 3:nd t~e reaclung 
of the report here, which resembled distant thunder, its d1~tance then 
was between thirty and thirty-five miles. After comparrn.g all th0 
different accounts that have reached us, it would seem that its ~ou~ ~ 
was on the southern side of the zenith, from SE. to NW., an 1. : 
its relative position to the point of aspect here was at first about fr; 
degrees above the horizon, and twenty when it vanished: When { d 
seen it appeared but little larger than Ven us, but as it appr?ac. \ 
the earth it increased in size as suddenly as it diminished againi~u 
before bursting into brilliant corruscations of light that re~ecte ond 
the prismatic colors. The moon was near the close of 118 sec 
quarter at the time, and the atmosphere clear and transpar~nt. before 
The Sacramento river fell to a lower point than has ever .een auue 
observed, which will be the zero of the scale of a new river gature 
about to be constructed by the city. Its present mean tempe~er-at 
twelve feet below the surface reads 70°, while that of w~ll wa 11 at 
the same depth is 60°. The temperature in the artesian we 
sixty-five feet below the surface is 5~¼ 0 • 0 47 minu October.--Tbe mean temperature of this month was 5 · which 
the average. On the 1st the flight of wild geese southwartlly, ect the 
ha_d been observed since the 8th September, prepared us to e{/tb, 11,nd 
ram that fell on five different days-the 7th, 15~h, ~ 7th, fficient 
24th; and though not amounting to much in quantity, it was/\e the 
to. indicate that the atmospherical changes which charac ;r~nd ice 
ramy season had set in. The first frost occurred on the 20t ' 
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formed on the 22d, at daylight. The effect of the rains and now 
was sensibly demonstrated in the Sacramento river, both q ua.nti-
tatively and thermometrically. On the 17th, it ro e sucldcnly ten 
inches, and fell again immediately to low water mark; its temperature 
declining 12° lower than that of the previous month. The temperature 
of well water fell to 57°. On the last day of the month the leaves of 
the willow began to fall. 
November.-Although the readings of the barometer were not much 
below the average, more or les1:1 stormy weather prevailed over the 
greater part of the State. In the south, the setting in of the rains 
was attended by disasters of a somewhat novel character. A shower 
of sand swept over a portion of Los Angeles county, completely de-
stroying the grass on the pasture lands About the same period, 
severe gales prevailed at Humboldt Bay. The morning of the 27th 
and 30th were unusuallv cold for the season. The rain of the ro nth 
did not make much impression on the river, further than a ri e of 
about 9 inches ; its temperature was 46° , while that f well w tcr wa 
59° . The temperature of the Artesian well, at 7 f et, where it wo.s 
discontinued, stood at 58° .50. The fall of leaf of the fig, apple, e r, 
and cotton-wood tree occurred on the 1st, 5th, and 30th date of the 
month respectively. 
December.-The month was rendered remarkable for the unpr c -
dented persistence of continuous cold weather and the number of cl ucly 
days-much beyond the average of the three previous ye r . Th 
b rometer maintained an unusually high range in con cq enc of th e 
prevalence of northerly winds. The reacling of its xtr rcli ary 
maxima were made on the evening of the 19th an l m rnin r f' the 
20th, while the wind was fresh from the N.NW., an th t mperaturo 
ranged from 30° to 40° . Its diurnal mean fi 11 only five tim b low 
30 inches. The minimum was registerecl on the 2 th at p. m., :pre-
ceding a SE. storm which was general throughout th tate. n tho 
a.me dav it snowed at San Franci co, and about tho arno l eri cl th 
Coast range of mountains prmientetl the unu ua.l pp aranco f ~cing-. 
c verecl with snow. The river wa not much !feet cl by tho ru.10 ol 
the month ; its temperature read 41 ° . 
20 s 
Abstract of JJfeJ,eorologifal Observations, by Tlws. M. Logan, M. D., Sacramento, California. (:J.:) 
0 
~ 
1857. I Jmua,y. Febma,y., Ma,cb. ~ I May. I Juu, . I Joi;. I August. SepWmb>,.I Oeiobe,. Smmb',. 0eeemb·,. Meaos. 
------ ----1-----~--------
BAROMETER, 
Maxima •• •• •• ••.. .. ..•• ·• • • , • ,. · • • • • · •· 30 . 423 30.438 
I 
30.343 
I 
30.204 
I 
30.140 
I 
30.044 
I 
30.007 
I 
30.002 
I 
30. liH 
I 
30.170 
I 
30.263 I 30.449 
I 
3() 22-2 
Mini11 1a •••• • .••• • . • . •• •.. .. • " . ..... . ..... 29. 791 29.725 29. 772 29 . 777 29. 707 29.640 29.658 29 .66l 29.710 29.644 2!Ui73 
I 
29.eo8 29.714 
Means .••••• • ••• . ••••••• •• • ••• • •• •• • • ·• • · 30.:.! ]5 30,081 30 . 083 29 97l 29.940 29 .850 29.SW 2Y.845 29.916 29.912 30.062 30. l65 29 991 
THERMOMETER, 
0 0 
Maxirna ... .. .... ..• ... .• , .. .• . •• , • . . . ... 6 l 59 66 79 87 98 90 92 84 79 65 57 ,,,o 76.72 Minima ....... . . .... .. . . . .. .... . . . , , . .. . 3 1 34 44 55 53 6l 62 60 58 49 38 37.00 4:i, 17 Means ..• , •••• • • . .••••••• . •••••••.•••.•• . 48.54 50 .25 56 . 42 63.27 65 . 51 71 .93 71. 45 71.31 67.93 61.49 53.24 47.37 60.i3 
TUE R MOMETROR R An~ 
:Maxima .......... . .. • ...... . . . ... • .. . .. . 63 62 69 83 91 101 94 96 86 79 67 58 79.08 ~ Minima . . •• •• ... , • ••• . ... ••• , .••• • ••.••• . 30 :10 40 4,5 !H 54 53 55 52 45 35 3-J 43 50 t:,cj Range . • • • •. • • •• •• •... .• ••.• • •• .• •• • ..•. . 33 ~ 29 38 40 47 41 41 34 
I 
3-l 3-2 26 3.5.58 t--3 t=,j 
DEW POINT, 0 
~ 
Maxima . ... ...... ... .. ...... .. , ...... ... . 53 54 5-i 64 63 72 59 60 58 56 58 49 58.33 0 Minima .••.••. • ... . . . .. •..•.. . . . . . ... .•.. 26 26 3:5 30 37 36 3n 38 36 29 26 30 32.08 t:-f Means . .. . .. .. . . ..... . .... .... . .... ..... . 43.44 43 .51 47 .5!l 51,20 51.26 51, 13 5.?.65 51.38 49.67 46.~l 12.11 39 .68 47. 78 0 Q 
FORCE OF VAPOR . ~ 
:Maxima ........ . . .. . ... .... .. ... .. .. ... . .423 . 423 .442 ,635 . 762 .873 ,f2f\ 
I 
.572 .551 .483 .491 .313 ,5!\2 Minima . .. • . . •••.•• • • • . •. . . • . .•• . • •••. •. . 136 .090 .2li4 .223 .282 ,2ti7 .3:16 .3!1 . 308 .143 .095 .12:.! 2 13 Means .• • • ••. .. • ,., ••... • ••••• ••• • • •.••• . .295 .297 . 3::17 .421 .4:l7 . 500 .474 . 454 .415 I .352 .286 .253 .371 
Rf.!LATJVF. HUMIDI'TV, 
~~:IE;~:-:-::·:-:-:-::-:-::_:_:_:_:.:_::_:_:_:_·._:_:_:·:·:::_:::: \ 100 \ 100 
\ 
94 I JOO I 88 I 85 I 83 81 I 82 I 94 I JOO I 93 I 91. 9il 61 28 45 32 31 24 :12 26 27 J:{ 29 30 3::J.42 84 .28 80.33 78.16 75 .03 69,43 66 .22 64 .33 6:..47 63. 75 66.18 69.62 77.65 71.45 
Numho, of e ,,.n, days . . . ...... . •• . . .... . \ 
,, \ ,, \ ' ! \ .,, \ "' 18! 26½ 22} 19 16¾ J I i ,,. I :iit Number of c\ondy a.nu foggy day;;i •••• . ••. ~H 4 16 81- ] ·>t 10} 3l It 11 12! 8½ Ii¾ N umhl' r of ra.\ny days ......•... .•• •• • • •. 3t 15} 5½ 1 ' 1 1 1 0 2 10 4U 
ltnnnt,_ty of cl<_>uds •••••••.•••••• • ••• • •••. 8.2 8.6 6 .1 4.3 2.0 1.4 0.2 1.0 1.9 2 .1 3.8 1 . 6 3 . 7 Q.un.nuty of nut\ nnl\ fog ...... ...... . .. .. . l.~75 4. 801 0.675 Sprinkle . Sprinkle. 0.350 0.012 Sprink l e. o.uoo 0.655 2.-106 2.632 12.906 
. 
Ab:strtJcl of Jldeorological Obun1ations-Contin11ed. 
1a.,1, 1,., • .,, ~ moo· March. I April. I May. Jun!). July. August. 
l,t1lny~nml:.!.Jforceoi". wind .... 1~. 5½ ~ ~~ lt 1. 7 It I 0.3 2t 1.3 2t 1.1 
110 •• •••••. do ...... NE mud... t 1.0 0 0 t 1.0 t 0. 7 l- 0.6 0 0.0 0 0.0 t 0.5 
Do ........ do .•.••• E ,Yillll . .•. lJ 0.6 I! 1.5 2t 0.6 lJ 1.3 t 0.3 t 0.3 t 0.3 0 0.0 
Do .....•.. do • ..•. . SE. wind ... fi} 1.3 9j- 1.6 3t 1.5 3 2.4 !I 2.2 7 l. 7 7t 1.8 9½ 1.1 
Do ..••.... do ...... S. w111d .... . 7 1.6 4J L.5 5 1.5 6k 2.3 8 2.1 9 2 l 12J 1.9 8t 2.0 
no ....... . do ..... SW. wind .. 1 1.0 l} 1.6 7½ 1.3 et ~-l 6 2.0 6½ 2.0 5f I.9 7 1.6 
uo .... .... ,lo ..•.•. ~v. wind ... l 0.6 1 l 1.1 t I U.6 , t 1.3 t LO t O.? 0 0.0 I l 7 uo .... .. .. do ...... N\Y. w1ml.. s I 1.8 4J 1.111 7 l.5 3 l. 7 5 1.8 4t 1.2 2 1.0 l t 0.5 
September.I October. ~ovember. 
----
5. 1 0. 7 7½ 0 . 7 5 2.2 
3 0.3 2 o. 7 l f 0.9 
½ 0.3 l 1.0 3½ 1.2 
7 l.l 5½ 1.0 7 2.0 
6t 2 0 3 L7 2 :u 
5½ l 3 3 l.3 2½ 1.8 
t 0.2 l¼ 1.0 t I. 7 
4 1.6 7t 1.1 7t 2.3 
December. 
----
7t l.5 
Jt 1.0 
3J- 1.2 
7 I 2 .5 
t 1.3 
It l.8 
0 0.0 
9t 1.8 
Means. 
----
59 l.4 
8J 0 6 
17 0.7 
82 1. 7 
73½ 1.9 
56 1.6 
?t 0.8 
61¾ 1.5 
a= 
t_rj 
1-3 
t,:j 
0 
1::,:1 
0 
t"I 
0 
Q 
~ 
~ 
0 
-l 
Tahle of the resuUs of Meteorological Observaticms for five ye,ars at Sacr.:mtmo, California, ly Tlurmas M. Logan, JJJ.D. 
MONTHLY MEANS, ANNUAL l\IE.~NS . 
185J-'54-'55-'56-'57. 
Jan. F eb . I March. I April. I May. I June. I July. I August.I Sept. Oct. Nov. Uec. I 2 years j 3 ycars. J 4 years. J 5 years, 
---------------1---·---·--- , ___ , ___ , ___ , ___ , __ _ 
___ , ___ _ 
B.~ROMETER. 
Maxima ................................ . 
Minima, ••••••••.•••••....•••••••••••••. 
Mean .......................••.......... 
THERMOMETER, 
Maxima ............................... .. 
Mininu1 ............................... .. 
Mean .................................. . 
THERMOJIIETROORAPH, 
Maxima .•••••••••••••••••••••• . •••• . •••. 
Minima ................................. . 
Range ....•••••••••.••••••..••••••••••••• 
DEW POINT, 
Maxima ...... ... ...................... .. 
Minima ............................ . .. .. 
:111ean •••••••••••.•..•••••••••••••••• , •••. 
RELATIVE HCMIDITY, 
:Maxima .................... , .......... .. 
Minima ............................... .. 
Mean ............................... .. 
Inches. I Inches. I Inch es. I Inches. I Inches. I Inches. I Inches. I Inches I Inches. I Inches. I Inches. I Inch.es. 30.35l 30.353 30.309 30.291 30.174 30.136 30. 105 30.036 30 .067 30.241 30 .3H 3U.40d 
29.620 29.663 29.765 29.735 29.690 29.54, 29.748 29.70-2 29.736 29.7t'9 29 715 29.749 
30. 054 30 Oi O 30. 0J7 30. 050 30. 000 29. e69 29. !:158 29. 900 29. 894 30. 049 30. 085 30 .107 
61.40 
28.40 
45.25 
61.50 
30.50 
31.50 
50.17 
28.33 
41.34 
97 .30 
64.30 
85.24 
65.00 
36.80 
51.28 
65.50 
33.50 
32.00 
52.50 
22.00 
42.23 
97.15 
32.20 
78.07 
72.60 
41.40 
54.-11 
74.00 
::18.50 
::l5.50 
59 .00 
32.67 
46.10 
93.95 
43 .15 
75.68 
76.00 
48.20 
60.23 
76.50 
44.00 
32.50 
60.00 
33.83 
47. 75 
96.90 
36.60 
74.92 
82.40 
49.60 
63.92 
87.00 
48.00 
39.00 
6t.00 
38.00 
50.13 
88 30 
36.35 
70.22 
95.80 
56.20 
71.62 
!!9 .00 
53.00 
46.00 
68.67 
35.67 
54.70 
87.00 
20.75 
64.14 
96.70 
59.15 
74.95 
97.00 
54.00 
43.00 
63.25 
37.88 
54 7::l 
82 05 
20 .80 
60,62 
96.00 
57.60 
70.88 
97.50 
54.00 
43 50 
63.62 
37. 75 
52.64 
82 .50 
18.95 
63.79 
91.60 
53.00 
69.58 
92.00 
52.00 
40.00 
57.14 
35.38 
48. 75 
84.80 
19. 15 
58.68 
85.40 
48.40 
64.11 
78.50 
41.00 
::l7 50 
56.00 
34 .00 
47.14 
93.!!5 
29 . 90 
67. 84 
71.00 
39.6U 
52.82 
73.00 
34.50 
38.50 
54.62 
::l0.75 
42.10 
96.95 
27 .05 
72 21 
60.40 
3t.00 
46.63 
56.00 
30.50 
25 50 
49.50 
24.63 
38 .71 
93.70 
4 [ .00 
79.88 
___ , ___ , ___ , ___ , ___ , ___ , ___ , ___ , __ _ 
Number of clear day!'., •••.•...•••••...•. 
Number of cloudy and foggy days., ...••• 
Number of rainy days ................... . 
Q.unntity of c\ou<l" ...................... . 
Q.uo.1\t,ity of Tl\in , \u inches ...... ......... ~ 
10 13 6-1511314-15 \ 13 5-15 \l 713-1512-2 9-15 12512-15 \ 24 3-15133 5-15 117 14-]5 I 142-15 11 3 l 3-15 5 5-15 11 10 1-15 814-15 5 12-15 4 3-15 6 6-15 510-15 10 5-15 9 8-15 914-15 
I 
12 2-15 
813-15 9 4-15 6 l-15 6 9-15 4 3-15 l 9-15 1 6-15 1 2 11-15 6 5-15 7 3-15 
7.4 \ 6 7 \ 5.9 3.043 3 .891 3.306 
5.4 
2.290 
3.8 
0.930 
-1-1-1-1-1-) ,-2.::1 2.0 2.3 2.9 4.1 5.4 6.0 
0.141 0,003 Spkle. 0.001 0.373 1.191 1.!l44 
79.7!! 
42 .75 
37.04 
91 .21 
3-2 . 52 
70 .94 
58.!16 
31. 75 
47.04 
57.36 
33.40 
47.35 
Inches. 
30.234 
29 . 705 
30 006 
79.53 
45.78 
60.47 
210 6-15 
995-15 
554-15 
4.51------· 1· ·-· --:·/"i7:ii3 
········ ······· · ---·· 
~ 
0 
00 
~ 
tr1 
H 
tr1 
0 
~ 
0 
t4 
0 
~ 
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Meteorol,ogical Observatiom-Contioued. 
1853-'54-'55-'56-'57. 
1st rlays and 2d force of N. wind •••••••• 
Do ........ do ••••••. NE. wind ....... 
!Jo ........ rto ........ E. wind ........ 
Do .•• •••. . do ..... . .. SE. wind .•••••• 
Do ........ do . ....... S. wind ......... 
Do ........ do ........ SW. wind ...... 
no ........ do ........ w. wind ....... 
Do ...•.... do ........ NW. wind ...... 
185.1-'54-'55-'56--'57. 
I t dayR and 2d force of N. wind .••••••• 
Oo ........ do ........ NE. wind ....... 
no ...... .. do . ...•.•. E. wind ...•..•. 
Oo ....... do ........ SE wind ..... .. 
Do ....... do ........ s. wil1d ....... .. 
llo ........ do ........ SW. wind ..... . 
Jlo ....... . do ........ W. wind ...... .. 
Oo ........ do ...... .. NW. wind .... .. 
1853-'54'-55 -'56-'57. 
I t day and 2d fo rce of N. winrl ....... .. 
J>o ........ <lo ........ NE. wind ...... . 
no ........ <lo •••••••• }~ . win(!. ....... . 
Oo ....... do ...... SE wind ...... . 
Uo ........ do ......... wind ....... . 
Oo ....... .tlo .•••.•.. SW. wind .•.••. 
Do .. , •.. . . do ...•.• . W. winrl .•••••. 
Do ........ do , ...... NW. wind . •••• 
MONTUI.Y RA I, 
e, ~ el 
d 2 ~ ~ ::, g ,g d C. 
..., r.. ::a < 
-- -
5 8-15 1. 7 4 7-15 UJ 
'T· :l 7-J;, l 7-15 1.3 1 1-15 0.9 12.-15 1.0 8-15 1 ~15 l 2 l 8-1() 1.:i 1 2-1:> 0.8 12- 15 7 1.8 6 1-15 1.5 5 10- 15 1.6 4 14- 15 2 14-15 1.7 2 4-15 1.3 3 8-15 1.1 4 9- 15 1 ]3-15 0.7 2 & 15 1.(i 6 5. t. 1.2 7 4-15 8-15 0.7 J0-15 1.:J l 4-1. 0.7 1 7-15 
10 2-15 1.8 9 11-15 2.1 8 11- 15 l.5 6 14- 15 
MONT!lf,Y MRANII, 
Q) 
= ,::; 
1 ]4-151 1.2 ~!'ii 1.2 
5-15 1.:1 3-15' O.t' 
G- 15' 0.7 2-l!i 1.2 
5 3-15 1.9 9 2- 1.5 2.~1 
8 3-15 2.2 8 1.-15 2 I 
6 6--15 2.0 6 11-15 2.2 
14-15 1.5 2 6-1/i 1.:J 
6 9-15 1.6 2 14-151 1.5 
MONTHl,Y MU.NII, 
5 5-151 2.2 '1 8-l!i \t::~ u ~ 4- 15 
5 3-15 2.2 3 5-1/i 
2 2.!I I 4- 1~, 
3 3-15 I i 4 II I:", 
1:3-15 2 .0 l:! - 1!", 
9 7-15 !!./\• 11 3-15 
I , 7 
(.f, 
1.:1 
2.:1 i. r, 
2 .:1 
0.0 1.e 
I !i 
I.I 
1,0 
I. 
I.ti 
I , i 
1.:1 
1. 
M 
809 
I ~. e 
::.l 
---
-
l. 7' 
0.9. 
1.2 
_,:i 
2.1 , 
1.9 
1.4 
I. 71 
1 :l-1!\ 1.4 
r,-15 o. 
8-15 0.2 
G 4- 1!", 1.9 
7 6-1!\ 1.9 
8 9-1!", 1.8 
1:1-1/1 1.6 
5 12-15 1.8 
0 
:1 1:1. 1r,I I .:I 
10 151 (l.!1 
10- 1/'i1 I.~ 
r, ri-1. ,I 1.; 
2 I~ 15: 2.1 
5 !'l-1/1 I. 7 
I 1.:1 
II f).. 15j l.ll 
: 1-15 
I I A- 1,, 
II 1: l!i 
i7 :i 1/\ 
Ml:11., 
t,t, 15 
Ill 10 15 
l!O ~- 1,l 
ll ,,. llKR.-Thr rnrnn rnPnn of the t,nrom!'ll'r for July iN nppnr,·nlly hlahr.r 11tan 111111111 J11nr., In r.1rn,rr111 II 
Of Omr jWt'lllinr di~turbin~ Cl\U!Wi! in JlltH' 18;',3; whil'h 111n11t11 h11ul<I ha YU hl'l' II r•'l!llr!ll'tl R r,•rtlhll I, 
lf!i6 bl'111~ leap y1• nr, of cour r• n frnctio11nl part mu t <'l(ll'f into tlw av..ru" 11( th ch• ,r 11,I tlnwl) • >• lor 
f cbru ry, a~ w1;ll as of the number of th e day of the\ md, 
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ON THE BEST HOURS OF DAILY OBSERVATION TO FIND 
THE MEAN TEMPERATURE OF THE YEAR. 
BY PROF. CHESTER DEWEY. 
The mean temperature of a day is to be obtained, originallv from 
observations of the thermometer, take?- twenty-four times daily, or 
double that number. The mean of daily and hourly observations of 
this kind must give a close approximation to the actual mean tem-
perature. From a series of such hourly observations the two, or three, 
or four hours may be selected, which will give nearly an equivalent 
result. 
The large Meteorological Society of Manheim, in Germany, selected 
the hours of 7 a. m. and 2 and 9 p. m., but I could find no reason for 
this selection in any accessible work, when I began observations in 
meteorology in 1815. In 1816 and 1817 I made twenty-four hourly 
observations of five days each in the different seasons ; the first of the 
kind on record, so far as I know, being made for thirty days. The 
mean of the 24 observations is 41°.50; ofl0 a. m. and 10 p. m, 41°.45; 
and of 7, 2 and 9. about one dee-ree higher. Coming so near the mean 
I adopted those hours of the Manheim Society, for the ease of com-
parison with the results obtained by them. 
The mean of observations at 6 a. m., 2 and 10 p. m., gav~ a close 
approximation to the mean of 24 observations; but the mornmg hour 
would be too early for half the year in view of many observers .. 
The results of this series of observed temperature I commumcate1 
to Secretary Calhoun, as he was about to organize the system 0 
meteorological observations, so successfully made by the surgeons at 
the military posts of the United States since 1819. These hours were 
adopted for all the posts. 
The fitness of these hours, 7 a. m., 2 p. m., and 9 p. m, for obser· 
vations, is sustained by the following facts : 't d 
1. By the hourly observations for a year at Leith Fort, Scotland 
These give the mean of 24 daily observations, 41 °.50; of 10 ai, m.t~nof 
10 p, m. very nearly the same; and of 7, 2 and 9 about one-;our 
a degree above the mean of the 24 observations. tts 
2. By the hourly observations at Amherst College, Massachufe th; 
through 1839, under the direction of Prof. Snell. The mean ° d of 
24 observations is 47°.23; of 10 a. m. and 10 p. m., is 47°.l6; anbove 
7, 2 and 9, is 47°.88. This last, then, is two-thirds of a def{~ a rn. 
the 24 mean. Prof. Snell shows the mean at 6 a. m.; 2 an P· 
is nearly the same as the mean of the 24 observations_. . f Prof. 
3. By the "Girard Observations," under the dll'ectwn l 
Bache, an extensive series of several years, bi-hourly and ho~r Y· that 
'rhe mean of 7, 2 and 9 is only three-tenths of a degree ~ ove only 
of 24 observations, and from this last, that of 10 and 10, differs 
one-tenth of a degree. M iarn 
4. Brooklyn Heights' Observations, hourly, for 1856, by E. her 'rh; 
esq. I have summed only the first seven davs in each mont · r the 
mean of 24 observations is 47°. 72, and of lOV and 10 is very nea 
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same ; while that of 7, 2 and 9 is 48°. 28, or greater thn.n the 21 mcnn 
by one-half a degree nearly. 
5. At Sacramento, Cal., lat. 38 N. The 24 mean is 64?.41, u11 l 
the mean of 7, 2 and 9 is 64°.11. · 
NoTE -By the last three it is evident that the mean of 7, 2 and 
approaches nearer to that of the 24 mean, a the place have a lowtlr 
latitude, and an examination of the 24 hours ob ervation in the Arctic 
regions shows quite a departure of the mean of 7, 2 and from the 
mean of 24 observations. 
The 24 hourly observations give the mean of the ycar-
At. Halle ........ ............................................... 4 ° .00 
At Gottingen ... ... ... .... .. ... . .. ... . .. .. . . .. . ..... .. ... . . .. . . 52 2 
At Padua. ..................................................... 5G 74 
On calculating the mean of 7, 2 and H, I find that-
At Halle ...................................................... . 4 9 
At Gottingen . .. . . . . . ... .. . . .. .... .. . . ....... .. . . .. . .. . . . . . . .. 5,3 45 
At Padua ........................................... .. ......... 57 47 
Observations on the temperature of Salem, Mas n.chnReit.s, w ·re 
made with much care by Dr. Holyoke for thirty-three yoar~ prcc ling 
18HL The hours of observation were/our, viz: 8 a. m., n on, HU Ii ·t, 
and 10 p. m. By interpolating for sunset, in my ri s of 21 du.ily 
observations, I found that the mean from the o four houri-! i only n. 
little greater than that of the three hour : 7 a. m., 2 and p. m. 
r. Holyoke's mean temperature of Sale1 is 4 .H d gr 1;. 'l'h' 
mean heat at Leith, by the 24 daily ob ervati ns, ia 4 .24, atHl by the 
hours, 7, 2 and 9, is 48.50. 
This approximation from these four hours, and one of them vu.rialJ1 ·, 
is another unexpected result . 
Between 1842 and 1855 the observations at th mi li tary po ts w re 
directed to be made at four periods of tho llay, viz: a little before tmn-
rise as the coldest generally; at 3 p. m. ai; tho hotlellt, and n.t !J a. rn . 
and 9 p. m. as approximating the mcim tempcrat uc of the du.y, hut 
half the sum of the observation at sunri , 1 1 • R., nncl :> p. rn. wa8 
to bd taken as the mean heat f the day. In tho pr •paration of UH! 
"Army Meteorological Regi ter," published in 1 !'G, th fourth _Jmrt 
of the sum of those four observations was tak •n n the m •irn of th 
day, because Dr. oolidcrc and hiH a.s ocin. • h, ·am tu ti fi«·d from 
e.·tensive compari on of the twenty-f ur 1lu .. ily ob •rv~ition th t th~ 
mean of the fonr ob ervatioos was nearer the twenty-four tn •tn 111m 
those at sunrise and p. m. wolllcl uiv . r. 1 wlicl '· at• nl o 
that the eviJ ence was clear from the c rnpnri. on of num •ron t \'..,n y-
four h nrly observations at the po t tlrnt the m ··rn of 7, 2, and ! , 
wa for all the post the ne, re t appr .·imn.ti n ol u.uy hour I •cl l 
t the mean of the twenty-four daily ob crvatiot~ .. In l ,,r: th •r ·-
for , the, urgeon General, JJr. Law on, i . n 1 l l~, cir ·ular r 
· return to the oricrinal hour of b cn•t t100, v11,: 7 a m., 1. P· m., 
ancl !J p. m. 0 -
In a. certai nin ,.,. the relative corrcctnc f th r 
lidatetl Table '' of the rmy l 1 tc r 11 ,j · l 
312 METEOROLOGY. 
twenty-three years from the three daily observations, and for twelv 
years from the four hours' record, it was important to makesometestse 
These are as follows: · 
1. Prof. Snell performed the labor of interpolating for sunrise in 
his hourly o?servations for the year 1839, and sent to me the following 
result: While the mean of the twenty-four hourly observations i 
47°.23, the mean of the four hours, S. R ., 9 a. m ., 3 and 9 p. m., is 
47° .13, making a difference of only one-tenth of a degree . 
This was an unexpected result, but of high interest. l\ly own ob-
"ervations interpolated in the same way gave only a little greater 
<lifferen ce. 
2. The Consolidated Tables in the Army Meteorological Register 
yield the following proofs: 
a.-For Fort Columbus, N. Y ., p. 600, latitude 40°.42, 
The mean of 33 years is ............................. ... ............... 51°.69 
rrhe mean of 7, 2, and 9, 21 years, is ................................ 51°.42 
The mean of the four hours, 12 years, is ............................ 51°.83 
Either hours give a close approximation. 
b.-For Alleghany Arsenal, Penn., p. 605, latitude 40°.32, 
The mean for 2 l years is ........ . ........ .... . ... ....................... 50°.86 
The mean of 7, 2, and 9, for 9 years is ..... .. ..... .................. 50°.43 
'l1he mean of four hours, 12 years is ................................. 50°.75 
This is another close approximation . 
,c.-For Fort McHenry, Md., p. 607, latitude 39° .17, 
The mean of 21 years is ...................... .......... ................. 54°.86 
. 53° 97 The mean of 7, 2, and 9, of 12 years 1s...... ........................ · 
. 54° 86 The mean of four hours, 9 years 1s............ ........................ · 
d.-For Fort Monro~, Va., p. 608, latitude 37° .00, 90_22 The mean of 30 years 1s ............................... · · · · · · · · · · ...... ·· 5· 0 21 The mean of 3 hours, 18 years is: ...................................... 5~0 :oi The mean of 4 hours, 12 years 1s ................ ...... .... _. .......... 5 
e.-For ]fort Gibson1 Indian Territory, p. 624, latitude 34o.4lb.si 
;he mean of 27 years 1s ....... ·: · ............ · ...... · ................... ~10,53 rhe mean of 3 hours, 15 years ~s ........ ... ......... · · · · · ·· ............ 600,19 The mean of 4 hours, 12 years 1s ....... ................... · · ......... . 
/.-For Fort Gratiot_, Mich., p 627·, latitude 43° , 460.29 The mean of 14 years 1s ........ : ........................................ 46o.62 The mean of 3 hours, 9 years !s ................... · .... · · ·· .. · ........ 450.30 The mean of 4 hours, 5 years 1s .......................... · .......... .. 
g.-For Fort Brady,. Mich., p. 629, latitude 46½ 0 , 400,37 The mean of 26 years 1s ............................. · .. · · ·· ............ 400 56 The mean of 3 hours, 18 years js. ~ ................................... ogo.53 
The mean of 4 hours, - years is ........................ ··· .......... u · 
h.-For Fort Snellin~, Minn. Ter., p. 632, latitude 45° , 440.54 The mean for 34 years 1s ......... : ....................... · · · · .......... · 450,17 The mean for 3 hours, 22 years ~s ....................... · · ........... : 440.06 Th~ mean for 4 hours, 12 years 1s .......................... _. ...... 3910 i.-For Fort Leavenworth, Kan. Ter., p. 633, latitude 3 fi20_7 
The mean of 23 years is ..................................... · · · .. · · .. · .. 520.35 The mean of 3 hours, 12 years is ......................... ·· ........... 52°.G5 
The mean of 4 hours 11 year ·s .......... . 
, 81 .......................... .. 
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lc.-For Jefferson Barracks, Mo., p. 625, latitude 38~0 , 
The mean of 22 years is ................................................. 55° 46 
The mean of 3 hours, 11 years is ..................................... 6fi ' .42 
The mean of 4 hours, 11 years is ....................................... 5~o. 77 
In all these only whole years are introduced, while in the annual 
means of the Consolidated Tables, parts of years are sometimes intro-
duced, which will account for a slight discrepancy to be noticed in 
some of the results. 
The conclusion from the above results is that the observations at the 
three hours, and at the four, give close approximations. 
To all this add the assertion of Dr. Coolidge, previously mentioned, 
which led to a return to the hours of 7 a. m., 2 ancl 9 p. m., at the 
Military Posts. At these three hours also, the ob crv tion under 
the direction of the Smithsonian Institution arc made over the conn try. 
These are convenient hours for recording ob ervations over our ,~-
tensive country, and the results need only slight correction, ace rclin 
to the publications in the Toronto Observations, and Rtill 1 l:l u.cc rd-
ing to the data already detailed. 
From the observations of 1839 at Amherst College, and th r ult. 
communicated by Prof. Snell, I have deduced the following table of 
corrections. Their object is to give the monthly mean) ancl b nc 
the annual mean of twenty-four daily observations, by applying tli 
numbers in the table, to the monthly mean at any hour, ace r<lin,,. to 
their signs : 
.Difference of the montltly means of each he ur from the monthly 1/le(J,n of the twenty-/ our hours, being the correctwn to be opplied to the monthly rnean of each hour to obtain 
the means of the twenty-four hours. Therm,1metcr. Fuhrenheit . 
I a. m .•........•••• , ..•.•••. •· · 
2 a. rn .••••••••••••• •• •••••••••. 
3a. m .....••••. , ••....•...•.. . 
4 a. rn ..••••••••••••..••••••. . . 
5a. m ......................... . 
6a. m .....•.............••... 
7 a. rn ..•.••• •••••••••••••••.••. 
8 a. llJ. •• ••• . • ••••. ••••••••••.• 
9 a. rn .......•...........•...... 
10 a. m ..••••.•..••••••••••••• , • . 
11 a . JTJ., .. , ••• ,.,, .. , ......... . 
]2111 ......................... . 
l p.m ....................... . 
2 p. m ... . . .••.•.••••••••..•.... 
3 p. m ... . .••. •••••.•••.••••.... 
4p.m ................. ....... .. 
5 p. Ill . •••.••• ••••• ••••••••••••• . 
6 p rn ....................... .. 
7 p. 111 •••••••••••••••••••••••••• 
Sp. m ... ... ..... ............... . 
9p. m ...... . .................. . 
10 p . m .. ......••....•• ,, •.••... . 
11 p. 111 ......................... . 
12 mirl ....• •..•.••. .•...••.•... . 
3 and 9 a. rn. and 3 and 9 p. m. *. 
7, 2.2, (9) . ................... . 
!J and 9 . ........................ . 
10 and lll ......•••••..•.••••... . 
7, 2, anrl 9 . . ................. . 
6, 2, and 10 ................... .. 
7, 2, and Hl .................... .. 
7, 2, anrl 1 I ..•••••.•.••• , .•• , .. . 
6, 8, 2, 4, Hl, and 12 .....•••••... 
.la11uary. I February. 
3 90 
4.24 
4 13 
4.50 
4.12 
4 68 
4_-5 
3.1:'3 
1.46 
-1.26 
-4.10 
-6 .32 
-7. 46 
-7.80 
-7.32 
- 5.84 
-3 .32 
-2.li6 
0.:H 
0.64 
l.50 
2,()l 
2 42 
2.50 
-0.05 
-0 01 
1. 48 
0 38 
-0.4 t\ 
-u.37 
-0 ;J"l 
-0.'.!\ 
-0,(;9 
2.78 
3.03 
3.20 
3.94 
4.20 
4.78 
4.78 
3.'i8 
1.45 
-0 .85 
-2.72 
-4.26 
-5.35 
-6. 06 
-5.80 
-4. 89 
-3,10 
-1.18 
-1.05 
-0.43 
0.28 
0.57 
l.19 
1. 70 
-0.2-2 
-U.18 
0.87 
-0.14 
-0.33 
-0 .24 
-U.04 
--0.03 
0.02 
March. April. May. 
4.73 I 6.23 5.51 4.81 6.69 6 48 5.36 7.42 7.41 
5.69 7.85 7.88 
6.04 8.12 8.18 
6.12 7.77 I 6.77 4 62 5.97 4.22 
2.08 3.04 1.62 
-0.46 
- 0.08 -0.60 
-2 .57 
- 2.69 -1.12 
-4.77 
- 5.65 -5.12 
-6.38 
- 7.92 -6.75 
-7.65 
- 9.16 -8.15 
-8.:H -10. 42 
- 8 .75 
-8.ll 
- 9.81 -8.27 
-7.23 
- 8.61 -7.86 
-5 65 - 7.04 -5.97 
- 3.46 - 4.50 -4.08 
0.17 - 1 .69 -2.38 
0.93 0 .27 
-O.rn 
1.!·9 l. 77 l.fi6 
3 29 3.3t 2.73 
4.29 4 .23 3.99 
4.85 4.92 4.75 
-O.u8 
- 0.13 0.05 
0.01 
- 0.23 -0. 05 
0.72 0.93 0. 53 
0.36 0.31 O.bl 
-0.6l 
- 0. 89 I -o.96 
0 36 - 0.24 0.25 
-0 14 - 0.38 I -o 60 0. 19 - 0 . 07 I -o.1s 0.1::l 0.00 -0.12 
June. July. Aug 
____ , ___ 1---
6.64 
7.'~8 
7 .9-2 
8.04 
7.80 
6.96 
4.20 
1.40 
-0.88 
-3 .12 
-5.68 
-8.08 
-9 .36 
-9.00 
-8.60 
-7.84 
-6.00 
-4.20 
-UJ-2 
-0.04 
1.96 
3 .20 
4.20 
5.48 
U.10 
-0.22 
0.54 
0.04 
-0.95 
0.0:i 
-U 53 
-0 20 
-0.13 
6.39 
6.8.'3 
7.28 
7 .4 ! 
7.54 
6. U2 
3 eu 
J.(,9 
-U.87 
-3.80 
-6.43 
- 8 .50 
-8 r-3 
-9.50 
-7.50 
-7.17 
-5 !<3 
-4.17 
-l.54 
0.~8 
3.U'\ 
3.79 
4 .2-1 
5.31 
0.49 
o. '. ll 
1 .09 
0.PO 
-0 .88 
0.10 
-0.64 
-0.4!J 
-0.08 
5 
5 
6 
6 
6 
5 
4 
1 
-0 
-3 
-5 
-6 
- 8 
-7 
-7 
-6 
-5 
- 2 
-1 
0 
1 
3 
3 
4 
() 
-U 
() 
-0 
-0 
0 
-0 
u 
u 
* This line is for the fo:ir hours; u sed by the Hoyal Society. 
j Septem'r. 
I r~ 6 . 12 
I 
6.9-2 
6.56 1.es 
7 .44 
5 32 
2 ,52 
-0.56 
I 
-3.38 
-6 04 
-8.16 
-9.12 
I -9.tO -9.20 
-8.40 
I -6.44 -3.52 
-1.17 
0.1 L 
I l. 99 
3.53 
4.Ul 
5.31 
-0 .2 l 
-0.12 
0.72 
0.1 l 
-U.!-:l 
0.39 
-0 .32 
0.04 
0.11 
NoTE.-The numbers after the sisn - to be subtracted, anrl the others to be added. 
October. N;ivcmb'r. 1 December. Mean for 
year. 
---- ----
- 1-4.87 2.34 . l.63 4.63 
5.65 2.99 2.20 5.16 
6.46 3.49 2 .55 5.68 
7.09 3.72 2. iU 6.06 
7.72 4.1•3 3.3-2 6.35 
7.65 4 34 3.78 5.93 
6.87 4.38 3.97 4.77 
4.31 2.68 4.13 2.70 
+o.83 +o.:H +2.40 0.19 
-2.24 -1.43 -0.55 -2.34 
-5.02 -3.0t -2.76 -4.73 
-7.06 -5.0L -4.30 -6.63 
- 8.24 -6.12 -6.]4 --7.84 
-9 28 -5.97 I -6.30 - 8.26 -9.24 -5.28 -5 60 -7.70 
-8.24 -3.!!5 -3.76 -6.66 
-5.65 -2.28 -2 .03 -4.88 
-3 .50 -0 85 -0.68 -2.92 
-L.24 -0.64 -0.3t -1.11 
0.13 0.08 0.20 0.26 
1.16 11.eo 0.69 1.53 
1.90 1.16 1 20 2.48 
3.24 l.96 1.58 3.3L 
4.09 2.40 1.98 3.99 
-0.20 -0.16 -0.01 -0.0L 
-0.02 -0.02 
- -0.11 
1.00 0 57 1.55 () 1-'0 
-0.17 -0.13 0.3:J () ,! 
-0.42 -0.29 -0.55 -0.65 
0.09 -0.16 -0.44 u.01 
-0.17 -0.18 -0.38 -0.3-2 
0.28 0.09 -0.25 -0.07 
0.07 0.13 0.17 0.03 
---
C):) 
....... 
~ 
a:: 
t,:j 
~ 
trj 
0 
~ 
0 
~ 
0 
0 
~ 
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To use the table, let the mean of observations at 7 a. m., for th 
month of April be 42°.57; apply the correction for that month and 
hour in the table, 5.97, and you have this sum, 48.54, which iH tho 
mean of the 24 hour observations for that month. 
For the two hours, 7 and 7, in April, you would have-
42.57 + 50.23 + 5.97-1.69 == 48.5,i th 
2 2 , e same mean. 
For the three hours, 7, 2, and 9, in March, take out the three mcans-
SO. l9 + 4:· 15 + 32 ·H 2 == 35.42, and corrections from the tables are 
4.62 - 8.34 + 1.89 _ -0 61 3 . . 
The sum 34.81 is the mean of tho 24 obs rvati n 
for the month of March. 
NoTE.-At the foot of the preceding table are given the co1-rc ti ns 
for observations, made at various different hour of the clays, t sli w 
the nearer or more remote approximations to the mean of the 24 daily 
re ults. 
The first of these is for the hours 3 and 9 a. m., and 3 aud 9 p. m., 
the hours adopted by the Royal Society for obtaining th appro ·imato 
mean temperature. These hours are convenient, except thn.t of :i a. 1r1. 
The next corrections are derived from one-fourth of the oh •1·vn.ti nH 
at 7 a. m., 2 p. m., and 2 (9) p. m., the last being twice tlH' t mp r-
ature of 9 p. m. A very near approximation is asily ohtain~<l in 
this way: Thus, the mean of the year, in Amher t ob,wrvatiows-
At - - - 7 a. m., is 42° .46 
At - - - 2 p. m., is 55° .29 
Twice - - 9p.m., is 91° .40 
um - - - - - 189° .15 
Divide by 4 - - - == 47° .29 
A<ld the correction - == - .11 from the table. 
Approx. mean - - = 47°.18 
Mean of the 24, hourly == 47° .23 
Difference - - - - == 0°.05, only ,! 0 th f n, cl gr ,. . 
U ing the same formula for the Leith ob •rvationR, th · appro:11nn.t' 
mean differs from that of the 24 ob crvati n only u ~ 0 t h d • 1 r 
And for Toronto...... . ... ... .. . . . ... . . . .. . ... . ... .. . . . I: 
Franklin arsenal, Pennsylvania......... ,,10 
Halle, about ............................. ···· 1 
Padna, less than........................... i 
Gottingen... ... ... . .. .. .. ... . .. ........... ... ~ er 
Girard ob ervation , not ................. . 
Brooklyn height about th n.m . 
The ad vant O'e of u in rr the four h 1mrt f th ob. 
b h l . 
m., at 2 p. m., ancl twice that at U p. m., ur ~ >''JOU 
ca . are ample ill u tration. 
'I hi. table of correction will hn.vc a. 
from the locality in_ the heart < f cw 
ct 
" 
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tion~ w~re made. No similar t~ble has befor~ b~en derived from them 
While 1t presents the analogies of other similar tables it will b. 
better a~apted to a _large district of o~r country where m~teorologica1 
observat10ns are berng made systematically. Some gratification will 
result to Professor Snell in such an application of his laborious and 
scientific efforts, in this particular, in 1839. 
Such tables, it is evident, avail nothing where one or more timesof 
observation, as sunrise or sunset, have a constant change, .even thou11h 
they may give an approximate mean. In different latitudes sunrise 
has different hours, as well as sunset, and the corrections must require 
a far greater series of observations and far more labor. Though the 
four hours used at the military posts for several years give an approxi-
mate mean, no correction for the sunrise observation is yet obtained. 
So great is the labor of making the observations, and of discussing 
them for practical purposes, that the fewest practicable hours, not 
exceeding three, should be adopted for the observations of meteor-
ologists generally. Only a few observers .. who are favorably situated 
also, can afford to make hourly observations for a year or for years; 
and when such have been made, as enable observers to make the cor-
rections from prepared tables, the great object will be attained ~y 
using only three hours of observation. The last line of corrections m 
the preceding table is derived from six hours of observation, used for 
some time at the Toronto Observatory, viz: six and eight a. m., two 
and/our and ten p. m., and twelve, or midnight. Though the correc-
tions are very small for these six hours, they are too nume~ous for 
ordinary object or advantage. The same objection lies agamst the 
use of any four hours separated by six hours, as one and seven, bot~ 
a. m. and p. m.; which, however, give very nearly the. mean °~ 2 t 
observations a day. Some of these hours will be very mconve~i~n 
and troublesome. Take even the hours adopted by the Roy~l Socie Y, 
8 and ~ a. m., and 3 and 9 p. m.; 3 a. m. is a very inconvement hour, 
though the four give very nearly the mean of the daily 24 observa· 
tions, as shown in the first line of particular hours. . ,, A rny 
In a series of observations of twelve years, like those m the hr 
Meteorological Register'' of 1856, these four hours, or any f~nr ou~e'. 
would require a million more observations than the_ three 0~~\ is 
sides increasing the labor of the reductions one-third more a 
necessary to attain the same approximation to accuracy· t' ns st 
It is hoped that adequate evidence of the value of observa 1;roxi· 
the hours 7, 2 and 9, has been presented, and that a near ap·ected 
mation to the true mean is attainable. The results may be con ' 
if need be, by the prepared tables. 
ROCHESTER U~IVERSITY, JJ!larch 31, 1858. 
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METEOROLOG IOAL OBSERVATIONS AND RE ULTi \ 
BY J. WIESSNER. 
1st. The daily results of mean temperature of the air in slmclo, as 
ob erved on a farm in the District of Columbia. 
2d. The monthly results. 
3d. A trial adjustment, assuming that the mean motion of tem-
perature may be represented by the motion of an elastic ball jumping 
up and down. 
4th. A comparison of the Washington summer with the summers 
at Naples, Rome, Constantinople, Petersburg, and Savannah. 
The probable error for the Washington series being very sma.11, 
shows that the observations were made carefully and in largo mun-
ber; also, that the last summer was a very regular one. 
The figures in the former table for adjusting tho daily bRervation 
have the probable error± 0°.3, so that ten years' further ob erva-
tions will make them correct to the last figure. 
Next, a table containing p for each day of ob orvn.tion. y 
using the three tables and the simple formula t0 == lm + tJ w, all 
the observations now at the end of 1857', 4,500 in numb r, may b 
recomputed and compared with the individual record , which will 
give an average probable error of a single observation and r <lucti n, 
== ± 10.4_ 
Mean temperature of the air in the shade of the Dutrict of Columbifl. 
Dnte. October. November December, January, .February, March, ll·markH. 
1855. 1855. 1855. 1856. 1856. 1856. 
------------------ --- ----
l 
3 
2 
4 
5 
o F. 
6 62.8 
7 46.4 
8 45.5 
9 52.6 
10 58.8 
ll 60,6 
12 45.U 
13 41.4 
14 48.9 
15 58.3 
16 fi3.8 
17 46 2 
18 5:J .6 
10 55 4 
20 58.6 
21 60.6 
2-2 52.2 
2:J 4-l.J 
21 :Jd, 7 
25 : .7 
26 4·2 . L 
27 4!1 . 1 
2R r, .6 
!.!9 51.8 
30 60,3 
31 55.8 
57.4 
59.0 
58.3 
55 .0 
48.6 
50.2 
54.3 
55.2 
48.9 
44.2 
52.2 
56.0 
59.0 
49 3 
49.6 
63.5 
47, 0 
4tl 8 
4L.4 
3.5.0 
40. l 
3 .5 
35.6 
46.4 
38 .5 
51.3 
42.8 
~9.9 
35.3 
36.3 
39.4 
38.0 
4~.l 
45.5 
36.7 
39.2 
40.3 
35 .6 
55.2 
35.8 
28.6 
26.0 
34.7 
32.0 
J<J.tl 
55.6 
45.3 
36.5 
27.9 
30.0 
35 6 
43.0 
50.2 
40.6 
3J.4 
2U 
19.2 
30.7 
23.7 
26.0 
26.0 
28.8 
23.0 
10.2 
7.5 
M.0 
16.9 
:i;J.8 
3:.1 l 
29.0 
2ll.2 
33.3 
24.l 
8.6 
10.6 
26.9 
3-1.7 
Jll.2 
21.-
111.4 
31.6 
31.6 
3.'S.O 
.o 
3:1.1 
3-1.7 
:J;J, I 
:10 .B 
:JI. 
33.6 
31.8 
;J1.2 
3:J.3 
42.1 
:J0.7 
:n .• 
28 .8 
:15.0 
10.6 
JS. I 
27.11 
:J1.0 
2!1.7 
:JO.I 
36.3 
:JI.B 
35.•I 
3!1,2 
:H .7 
,u.3 
41 U 
:111.1 
,10.:J 
11.if 
:r.1.0 
•• :J 
:16.5 
•·•· • ...•. t••••····· 
l)pr1•1111H'r, 
J .-;o.1 
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A table, [ w], of use for the reduction of observations for tern e 
ture of the air in the shade, made at different hours of the day b~ ::; 
formula 
f0 == tm + p W 
t0 • The observed temperature. 
t . The mean of the 24h. p. A factor depending on the disposition of the atmosphere for solar 
heat, the mean factor of the month being unit. 
p w. r.rhe correction to the mean temperature of the day to get out 
the observed one. 
t and p are to be found for each day by the method of least squares, 
or by a good approximation to it, by a calculation shown on the next 
page. 
METEOROLOGY. 31!) 
Example. 
Reduction of observation for temperature by tho formn1n 
fo =: tm + p 'W 
East corner of the District ot Oolnrnbia, Septem bcr 1, 18,j7. 
Observed. 
h. m. 0 
A.M. 5 30 55.0 == f m - 8 2 p 
6 00 57.8 == tm - 7.6 p 
7 00 63.8 == tm - 4 2 p 
8 00 67. 8 = tm + 0. 3 p 
9 00 7 3 8 == f m + 2 5 p 
10 00 77.0 == fm + 5.4 p 
11 00 80.8 == tm + 7.3 p 
P M. ] 2 15 83 0 == tm + 9 0 p 
1 ]5 8:3.8 == tm + 9.4 p 
2 00 83.8 == tm + 9.3 p 
3 00 83 . 0 == tm + 9. 0 p 
4 00 81.8 == tm + 8.0 p 
5 00 79.8 == f m + 6.4 P 
7 15 7 0. 5 == tm + 0. 1 'P 
8 15 67. 5 == tm - UJ p 
9 00 66.0=:tm-2.8 p 
73.4 == lm + 2.6 p 
Equations of conuition. Comp'<l .l. 
0 
- 18.4 == - 10.8 p I fin.n - UJ 
-15.6=-J0.2p 57.8 .o 
- U.n == - 6. p G:3.0 + .8 
5.6==- 2.3p fit) -2.U 
+ 0.4=-- O.l p 7:-3 2 + .11 
+ 3.6 == + 2.8 JJ 77.7 -
+ 7 .4 == + 4. 7 p 80 G + 
+ 9. 6 == + (\.4 JJ 83 2 - .., 
+ 10.4 == + 6. J) • • 8 
+ l O .4 == + fl. 7 p >-:l. 7 + . l 
+ 9. 6 == + G .4 JJ :l. 2 - 0. 2 
+ 8.4. == + 5 1 p 81. 7 + . I 
+ H.4 == + :L p 7U.2 + .H 
2. 9 == - 2 6 p (i!J.fi + . 
5. = - 4. 5 1) (;(j. 5 -f- l. 
7.4 == - 5.4. p fi5. 7 + o.:l 
1------------
l~,1.2 -= ~ . 5 JJ • ~· ~ - D . H 
* l: ~ == 9.6 : 15.5 == .62 
0. 9 
Normal eq., 
No. of ob ervations, 16. 
± 0.5:3 
Result, p == 1.53 
t111 == GU 0 .4 ± 0.13 
€0 == ± 0.5 
Table of w. for the reduction of temperature obse:rvations to the mean qf the day lnJ the formula to= tm. + pw., oblainedfrom 4,400 observaiimu, made lJti.ween 1855 and 
1857, by JJf. Wzes~ner, and reduced by J. Wiessmr, e<U,t corner of the Dutrid of ColumlJia, latitude 38° 53'. 8, longitude 760 52'. O, height 120 ft. 
i 
;;: 
e 
~. ~ .. ~= 
~i ., CJO ~ CJ CJ =~ SB ~ J:> .. J:> .0 
-~.S d .= "' 
., ~ E ~.: d :::, cp :::, CJ J:> ., = d :::, .... C) ;,:, C >, t:D ~ B > C) e d C .0 :;; a. d :5 ::s C) C C) "' > ., OS ., :a :s :::, < 0 z 0 ::.l ::a ..., r:.. < ..., ..., CT.l 
---
It. F. o F. 
0 
z. 1 -2.5 -4.5 -5.0 - 6.9 - 9.1 - 8.2 -7.2 - 6.9 -6.6 -5.4 -3.9 -21 a. 1 -5.7 
2 -3.1 -4.8 -5.5 - 7.9 -10 . 1 - 9.1 -7.7 - 8.2 -6 8 - 5.6 -4.2 -2.2 2 -6.3 
3 -3.3 -5.0 -5.8 - 9 .4 -11.0 - 9.8 -8.3 - 9.0 -7.3 - 6.2 -4.5 -28 3 -6.9 
4 -3,4 -5.l -6.l -10.7 -11.7 -ll.l -8.7 -10.0 -7.4 - 6.7 -4.6 -3.2 4 -7.4 
5 -4.l -5.5 -6.4 -11.0 -10.2 - 8 .2 -7.1 - 9.8 -7.8 - 7.0 -4.8 -3.5 5 -7.1 
6 -4.3 -5.9 -8.4 - 9.0 - 6.8 - 3.6 -4.5 - 6.5 -8.8 - 8 .1 -7.2 -5.5 6 -6.6 
7 -6.0 -7.4 -5.8 - 4.5 - 2.7 - 0.8 -2.0 - 2.7 -5.6 - 6.5 -6.7 - 5 .1 7 -4.7 
8 -4.1 -5.0 -2.5 - 0.3 + 1.1 + 1.3 +o.6 + 0.6 -1.2 - 3.4 -4.2 -4.0 8 -1.8 
~ -1.2 -2.0 +1.0 + 2.7 + 3.8 + 3.5 +3 .0 + 3.3 +1.8 + 1.0 --0.4 -1.3 9 + J.3 
10 +2.0 +3.7 +3.4 + 5.5 + 6.0 + 5.7 +5.0 + 5.7 +5.1 + 4.9 +2.7 +1.4 10 +4.3 
11 +4.4 +4.3 +4.8 + 7.1 + 8.0 + 7.2 +6.5 + 7.0 +7 .7 + 7.0 +5.4 +4.1 11 +6.1 
12 +5.9 +6.7 +6.2 + 8.4 + 9.7 + 8 0 +7 .5 + 8.4 +9.4 + 9.1 +7 .6 +6.6 12 +7.8 
1 +6.7 +8.o +7.5 + 9.2 +10.2 + 8.5 +8.o + 9.3 +9.6 +10.1 +8.3 +7.7 p. l +86 
2 +7.1 +s.8 +8.1 + 9.6 +10.4 + 9.0 +8.4 + 9.1 +9.5 +10.6 +8.4 +7.4 2 +8.9 
3 +5.4 + 8.1 +8.5 + 9 .6 +10. 5 + 9 .1 +8.o + 8.5 +9.4 +10.2 +7.5 +6.1 3 +84 
4 +4.3 +7.2 +8.1 + 8.9 + 9.7 + 8 .0 +7.3 + 7.5 +8.6 + 8.4 +5.7 +3.4 4 +7 .3 
5 +2.8 +5.3 +6.2 + 7.5 + 7.9 + 6.4 +6.2 + 6.0 +6 8 + 5.0 +:i.4 +1.8 5 +5.4 
6 +2.4 +3.2 +2.9 + 4.7 + 4.6 + 4.1 +3. 8 + 3.8 +2.8 + 1.8 +1.8 +o.3 6 +3.0 
7 +1.2 +o 9 +o.9 + 1.4 + 0.9 + l.l +1.1 + 1.2 +0.2 - 0.3 +o.5 -0.2 7 +0.1 
8 -0.3 0.0 -0.1 - 0.6 - 1.3 - 1.3 -1.l - 1.3 -1.9 - 1.8 -0.5 -1.1 8 -0.9 
9 -1.5 -1.l -1.7 - 1. 8 - 2.3 ·- 2.4 -2.9 - 2 5 -3.2 - 3.0 -0.8 -1.5 9 -2.1 
10 - \L2 -2.2 -2.7 - 3.0 - 4.4 - 4.5 -4.2 - 2.8 -4.1 - 4.0 -2.2 -1.9 10 -3.2 
ll -2.9 -3.0 -3.4 - 4.4 - 5.8 - 5.9 -5.4 - 4.2 -5.0 - 4 5 -3.3 -2 . 1 11 -4.2 
12 \ -32 -3.7 
-3 !) - 5.9 - 7.5 - 7.1 -6.3 - 5.8 -5.8 - 5.2 -3.8 -2.3 12 -5.0 
~ 
1:-..:) 
0 
~ 
t:,,j 
~ 
ltj 
0 
~ 
0 
t"' 
0 
0 
!< 
851 F. 
1 30 :J 
2 32.7 
3 32 4 
4 2.~.o 
5 31.5 
6 23.5 
7 21.0 
8 l l.6 
9 2U.4 
Ill 28. 1 
11 :JU.U 
12 17.4 
1:1 21.9 
11 \?3.0 
15 2.J 2 
HJ 11 9 
17 :ll 9 
18 4 7 
10 1,1 0 
20 17. l 
21 3:J l 
22 6.7 
21 4.1 
24 7 4 
2.'i 11 0 
20 10 .0 
27 :l7.7 
2~ :N 7 
!!!l :J3 9 
30 27. l 
:.1t :m.-t 
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Mean temperature of the air, in the shade, of the Di.llrid of Cu!,m.Lia . 
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40., 
41,8 
01.4 
:11 .II 
4·•.u 
47.8 
:n.7 
"·•.O 
'':l,0 
.!l.R 
:P.li 
41,0 
41.7 
821 
44 .11 
37.8 
41.:! 
!17.4 
4!1,0 
43 ,6 
4t.7 
M.7 
01.~ 
... ~.~ 
:i1 .a 
!l!J .~ 
&I 0 
40 ,(l 
41.A 
40 4 
45.0 
11i.i 
4'1,, 
:t.'i,i 
:11.8 
,c,J,O 
: .7 
. ~.l\ 
:11,3 
:~·.7 
:Jtl , 4 
:11.:1 
40.4 
:s ,r, 
llt!.O 
4U.II Jrfcu~~ 42:7!38-:U-44-:U -o-o·.-4-1--7-0_G_'l-,-6-.7- nT 01 ,!i 
-----------------..; 5:1,7 52°.8 
* New thcrmometr.r from the mithaoninn ltt ~tltutinn. 
t Thermometer brolco during ti.lo buildtorru of June !.!1. 
21 s 
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m. 
-3 
-2 
-1 
0 
+1 
+2 
+3 
April. 
+ 75 3 4.2 
26.1 
+ 45 .0 
Arg. 
,n, 
AJ)ril - 3 
May -2 
June -1 
July 0 
Aug. +1 
SCJ)t, +2 
Oct. +3 
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Adjustment of temperature/or Washington, Summer 1857. 
Obs. As nm<'<I eq. of 
0 c,, nditiun. 
44.9 = :c - 3 y + 9 z 
()0,4 = IC ·- 2 y 4 Z 
70. 6 = :c - 1 y + 1 z 
76.7 = :c 
72. 9 = :c + 1 y + l z 
66 .5 = :t + 2 y + 4 z 
53. 7 = :v + 3 y + 9 z 
- lt!.8 = - 3 y + 5 z 
- 3.3 = - 2 y 
+ 6 .9 = - l y - 3 r 
+ 13.0 = ~ 4 z 
+ 92 = +ly-3z 
+ 2.8 = + 2 y 
- J0.0 = + 3 y + 5 z 
- 18 .8 fl8.8 _ 6 g 
- 6.9 + 3.3 _ 10:0 
- 13.0 f 9 2 - 16,9 
- 9.2 + 2:s + ~ 
- 10.0 t 17.2 
- 57.9 
!\lean ........ 63. 7 = :c + 4 z + 11.6 
75.3 
Normal Eq. 
-- 57.9 = 20 z 
+ 17.~ = 12 y 
Solution. 
z = - 2.90 
y = + 1.4 
:c = 75.a 
Washington, Summer, 750, 3 F. + 1. 4 m - 2. 90 m2 ± o0 • 5. 
:May. June. July. Aug. Sept. Oct, I Sum of Resid, 
------
+ 75.3 + 75.3 ............ + 75.3 + 75 .3 + 75 .3 + 1. 7 
-
2.8 
-
J.4 ............ + l.4 + 2.8 + 4 2 - 1.9 
- 11.6 - 2.9 ............ - 2.9 - 11.6 - 26.1 --3,3:6=0.S.~ 
+ 60.9 + 71.0 75.3 7J. 8 ti6.5 + 53.4 u 
I 
+ + + Re~id'ls- -
0.1 
-
0 .5 
-
0.4 + 1.4 
Mean. 
1.4: 5. 8 = 0.24 
24 30 
7 .2 
15.5 
23th 
- 0.9 0 .0 + 0.3 
Maximum y temJl . July 23, 75° .4 
75.3 
+ 0 .3 
- 0.2 
75.4 
For comparison-
The summer of Niiples ........ Lat. 40°.9 ............. 75°.0 + 1.3 m - I.75 m• ± o.7 
Rome......... 41.9. ...... ...... 73.9 + 1 3 m - 1.69 in"± O.? 
Const 1ntinople .. ... • ... .. •• • • 77. 7 + 1.3 m - 2.05 m• ± ~-~ 
Peter. burg.... 59.8 ..... . ....... 61 .7 + 0.9 m - 2.,U m: 10·7 Savannah..... 32.1...... ...... • 80.2 + 0.6 m - 1.28 m · 
±0,47 
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OBSERVATIONS ON NATURAL PIIE ME A. 
BY STILLMAN MASTERMAN, • Q. 
WELD, MAINE, February 2G, 1 57. 
DEAR SIR: Pursuant to my promi e, I present to yon the r gi. try 
of certain miscellaneous natural phenomena observed by 1ysclf <luring 
a few past years, belonging principally t the <lepartm nts of rneteor-
olo~y and astronomy. Fragmentary and un ysternatic as tho ob:er-
vations are, they can be of comparatively litt,l value; however, as 
every phenomenon of nature, even the mo t trifling, is worthy of n, 
place in the great study of the univer e, and a you n.ro deairou. of 
coJlecting all registries of natural pbenom na, I d em it prop r to 
place them at your disposal. '!'he accompanyino- ohs •rvation w ro 
made with no idea of placing th em b fore the public, but nndcr th 
conviction that perhaps they might be of me 11s' in my futur Hci •n-
ti:fic investigations. Moreover, th y were c n uctecl ,luring fr gm •nh1 
of time which happened not to be tak n up t y what I consid •r d to bo 
more important <lut.ies, ther fore in many ca ·es th •y ar • 'JHtrat cl hy 
long intervals of time, not from the want of phenomcn to oo. •rv ·, 
but from an ina.bility to make trustworthy ob er o.tionH. ~o fc\v b-
ervations afford very insufficient data for g •n nt.liz1L ion ; Ji \V v •r, 
the oincidence of certain re ult with ho cleriv cl fr .,ru mor • xt •n-
ive Aerie are frequently very appa.r ot. The foll winer ar Hom if 
the well known principles which the annex d ob 01 vatio11 t •ncl to 
confirm: 
1. That shooting star have b en more num r u , at 1 nRt for a fi w 
past y ar , on r about th 10th of Angust, and for a nu mhor f diiyH 
th b fem and after that <late, thM at oth r timeH of' th y 11ir. 
2. That these meteor frequently lcav long bright tr inH b hin<l 
th min the ky. 
' . '!'hat during an xhibition they c mmon]y ha.v ,. n ml 
direction of rnotiun. 
4. 'l1ha.t exhi\Jiti n of the n.ur rn. b r Ii c mm nly c mm ,n 'n.t 
nn early h ur of th v nincr. 
6. That auror l c.·hibitiou "' n ro.lly have their mri.·im 1m b •fo · • 
mi1lnight. 
G. 'firnt in our latitu<l s ur rn hu.v n n in nll pnr of l 
ky. 
7. Thatthezocliicn.lli<1litmn•h, ninth ah n· of h·n 011 
on clear evening cluriug the r onthH I un 1Lry, '•bru ry, nrul 
Jn.rch . 
. Th t thi c nc of ]i1,ht li n rl in tlt pl n 
. 'fho.t the zodiac l lj,,h t ut tiru · UH y 1 trn 
ours, trul ', 
r fi . or Jo. EPn i:;. RY, 
ecr tary of the mitll801ticrn, l l' ulion. 
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A. 
OBSERVATIONS OF SHOOTING STARS. 
WELD, FRANKLIN COUNTY, MAINE. 
1847-Decembe1· 11.-At 8h. 30m. p. m. I saw a very brilliant 
shootin g star, which fell in the northwest. I should judge that when 
it was jn sight I could have read the smallest print without difficulty 
in its ljght. It left a bright treak or tail of phosphorescent matter 
60° or 70° in length, which remained motionless for about 30 seconds' 
when it gradually vani~ bed. The nucleus of light was apparently of 
three-fourths the diameter of the luuar orb, and it was about 2 seconds 
in pa~sing over 70° of the celestial sphere, disappearing very near the 
horizon. 
1849-September 15.-Saw three large shooting stars. 
September 19.-Oliserved three shooting stars. 
September 20.-At 8h. p. m. I observed a brilliant shooting star, 
enveloped in a nebulous mist, and having a cylindrical cometic tail, 
4° in ltngth. It shot o_ut brilliant jets or tufts of rays from its nuc~eus 
on its foremost side, which were bent back into the tail, presentrng, 
in miniature, the phenomena of Halley's com et, so conspicuous to 
astronomers, during its la t return in 1835. It passed between a An-
dre,medce and /3 Pegabi, towards Fomalhaut, describing 60° of ~he 
heavens in about 2 seconds' time. I also observed two other shootrng 
stars on the same evening. 
October S, evening.-Saw two shooting stars. 
:November 14.-In the evening I saw four shooting stars . . 
1850-Auyust 4.-At 8h. 30m. p. rn. I observed a large_ met:orw 
star. Its path was marked by a trail of light nearly 15' rn width, 
which disappeared in about 4 seconds' time. Its path lay from a 
Oygni to near c Sagittarii. d 
.A.11,gust 5.-At 9h. p. m. saw two shooting stars . The first appeare t 
to be as bright and to subtend nearly the same angle as the plan~n 
Jupiter. It passed from Unuk al Bay in the Serpent _to .Arctur:~i~e 
about three-fourths of a second. The other appeared_ bke ~ mer t 
of light described by a brilliant point, and vanished man 10sta~l · to 
.August 7 .-At 9h. 30m. p. m. saw a meteoric s_tar, apparefi { of 
pass from near a Draconis by f3 of that constellat10n to the /io in 
Bercules. It appeared to be a streak or trail of light _abt ibed 
}t:;ngth, and, if my measurement of time can be trusted, it escr 
an arc of 3.0° in less than a half second. 
August 9.-In the evening saw four shooting stars. hirty-four 
.August 10.-Between 8h. 30m. and 9h. 20m. p. m. I saw t t' four 
shooting stars, some of which were very brilliant. All excep 1~g and 
small ones appeared to pass down the Via Lacte, or near fi Uows : 
parallel with it, from the northeast to the south we~t, some a.A O ·zr,e to 
8n. 30~., one passed from near ·e Gygni, between a and ,B_ qEcu/,eUI 
the M1.lk D1'.pper in Sagittarius; 8h. 35. m, two passed fr(rhiudii to 
to the head of Capricorn us; Sh. 40m., one passed from 1J 'P 
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Scorpio; Sh. 48m., one passecl from Scutum Sobi sll:i tor aoill"rii · 
8h. 58m., ob erved two at the snme in t.ant, havin 1r their path l1 1urly 
pc rallel with each other, and about O ptLI t. 11 • pa. cl to th , < n. 
a.nu the other to the we t of the 1!,Jilk Dipper. All f th, for woing 
seven meteors were accompanied by trail of light. 0 
Augur:it 11 -Between ] h. and 2h . u.. m., Hlt\V tw 'nty~onc flhootr 
ing tars during ten minute ' ob. ervati n. '!'hey pas c cl wn t.he 
Jrlillcy Way from Cygnus to Scutum Sobieski. .A gre ter part of th m 
were attended by trails of lio-ht. 
Sfplernber 1.-At about 9h. 10m. p. m., there wns a brilliant m ,t or 
in tlie west, which approached the horizon rather lowly, d •, cri bing 
in appearance a serpentine line. Its light was alrn . t cqnul to thu.t 
of the full moon, and its apparent diameter n arly 20'. 
Sfptember 4.-Betwcen lh. and 4h. a . m., observed irrht shootin 
stars. Some of them left brilliant trnihi. 
September 22 .-In the evening, saw two Rhootlng -tarR fn.11 in th i 'EL 
September 30.-Between 8h. 5m. and 8h. 10m. p. m., 1~w two i.hoot-
ing 1,tars fall to the southwedt. B •tween Hh . 45m. a.nil 10/i. ot' t.lH· amc 
evening, I saw three shooting stars pn.ss nco.r to th .Milky Way u.11 
para.I !cl with it. 
Oc 1ober 7.-Io the evening, saw thr e Rh0oting Rtn.rs . 
October 9.-In the evening, aw fo ur l ooti11cr Htar'!i. 
October 30.-In the morning, sn.w n, brilliant hooting ti r. :Rv . -
intr of so.me day, saw two shootiug stA.rs. n appeu.r •cl to ri. l! up-
wards from the earth . It was in the vicinity or the constclli tion 
I Cl'RCU • 
November ] .-About 4h. a. m., observed two m t ode Htn.rH. 
Nr.,vember 10.-Sh. 30m. p. m., awn. m tcoric st.n.1· . 
Nuvnnber 12.-fi~h. p. m., saw a brilliant ho ting tnr }Hl8s from 
ncrn.r a Gapricornut; to 19 Drnconi.Y. It 1 ft n. onical trail of li 1rlit, 
which r •mained visible but a little more than n' ·ccond . H •t.wc11r 
7h. an<l 8h , aaw a shootin~ star . 
Novemb r ]3 -At. Ch. 3 m. p. m., sn.w a, m t ori · Htar. 
November 20.-In th evc•niu~, I t w n i;wif'Uy moving shooting 
tar. I jn<l red that it mov •cl 20° of t.h ~ sph r • i11 ,1 cco11d. 
November 24 .-7h. p. m., I s~iw am •t •otic Htn.r. 
December 1.-ln the evening, 1m.w t\ o hooticl'r tar8. 
lJPcnnber 30.-Gh. :mm. p. m., 1m.w n. brilli11.ut 111 :t 'oric H r. 
l .il-,/rmu.ory 11.-l~Y niug, nw n. mn.11 _ ll'ol,1n, tur . 
,J,nuary 24.-Evenin11, ob ~rv 1tl two huo tn"' t r . 
l,farch 31.-I saw tw h o rng i;tn.rs . 
'l'LRllfl'ORY. 
v nio r, i. niu 
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.August 20.-In the evening, saw four shootino- stars during th' t 
minutes' observation. 0 n Y 
.Aug'!1st 21 .-In the _evening, saw three shooting stars during fort. 
five rmnutes' observat10n. Y 
. .Augus,t 22.-In ~be evening, saw two sh_ooting stars during fifteen 
mrnutes ob~ervat10n. In the same evenrng I saw ~ shooting star 
apparently rise upwards. It wa about three SPconds m moving 450 
and made an angle with the horizon of about 30°. . ' 
.August 26.-ln the evening, saw five shooting stars du.ring forty-
five minutes' observation. 
August 27 .-In the evening, saw three shooting stars during thirty 
minutes' observation . 
.August 28.-In the evening, saw two shooting stars during sixty 
minutes' observation. 
September 18.-In the evening, saw three shooting stars. One 
appeared to rise upward more than 30° of the vertical. 
September 23 - aw a very brilliant shooting star. 
September 24.-In the evening, saw two m6teoric stars. 
September 25.-In the evening, saw three shooting stars. 
September 26.-In the evening, saw three shooting stars. 
September 28.-In the evening> saw a meteoric star. 
S eptember 29.-In the evening, observed a brilliant shooting star, 
SUMMARY RECAPITULATION. 
Whole number of shooting stars recorded as observed pre-
viously t0 the beginning of the year 1852...... ... ... .. ......... m 16 Observed pre~ious to the year 1850............ ........................ 100 Ohserved dur:ng the year 1850................... ....... ............... 57 Observed durrng the year 1851.. .................................... \ 
During the last five months of 1850, I usually passed an oull of 
two in the open air on every clear evening, and noted down. a 0 
the shooting stars that I saw, the number in each month bemg as 
follows: 
August ................. ,... . . . . . . . . . ... . . . . .. 63 
September. . . . . . . . . . . . . . .. .. . .. . . . . . . . . . . . . .. 16 
October....................... .... ...... .. ... 10 
November............................ ....... 8 
December.................................... 3 
Total ................................. 100 
. ~ aking such During 1851, I not only passed much less time rn m . ations 
observations, but likewise recorded only a part of th~ obse~\r the 
made. The following is the number recorded as seen in eac 
months of that year: 
January ..................... .,................ 3 
February ............ :......................... 0 
March ...................................... ,... 2 
April.................. ...... ...... ............ 0 
May............................................. 0 
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June............................................ o 
July....................... . .................... 4 
August ........................................ 34 
September .................................... 14 
October ..................... . .. ............... . 
November..................................... O 
December............... ......... ...... ..... .. O 
Total................................. 57 
B. 
AURORA BOREALIS AND OTHE METEO 
WELD, FRANKLIN COUNTY, MAINE. 
Rernarkable JJ[ete'Jr . 
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1850-September 30.-At 9h. 30m. p. m. I saw o. r mnrkal,ly 
s~rangc meteor in tho southern sky . Its shape was that of an ·llip-
t1cal zone or ring, and when fir t seen its ·cntro wu.s about 5° •a t 
and the same distance north of l(omal/iaut, or in It. A. 2:~/t. c rn., 
and declination 25° 2, '. It longer axis lay in nc rly a 111:it and w •fit 
direction. The lengt.h of itR transverRo axis wa.s ab ut J 0, a11cl f' itt1 
conjt1gate diameter 5°. Width of tho bright b It r annular i;urfoco 
n the upper part of the ellipse 2°, on its I wer pn.rt ] 0 • rrhc north-
rn pnrt was very brilliant, but its southern part was climrn ' r. It 
moved slowly to the we tward, and also had a 'rotary motion. At' IL. 
4 .. ni. its centre was 4° north of Fomalhaut o.nd on the RI.Un• d •climi-
tion circle ; being less brilliant than when fir t ob, crv •cl, bnt of th 
fir t noticed figure. 
At 10h. its centre was in a.bout I . A. 22h. 25m., nnd ,I Jin ti n 
27° 2;J'. Its length was then n arly 1 f- 0 , and wi th ' 0 Jt 
carcely perceptible. It isappeu.rcd at l h. ] m. 
STILLWATER, .MI .. N • TA ThRRITORY'. 
Pirst Glass .Aurora. 
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were shot upward from the arch, 10 or 15 degrees apart alon ·t 
wh?le len gth, whi?h ~onverged to a focus, as it were. in the s~uth !: ~ 
netic pole of the d1pprng needle_. On~ _of these, which stretched li~e 
a broad band along the magnetic meridian, was of a deep crimson or 
aimost blood color. After a. hort pause. the northern arch began to 
nse slowly towards the zenith, wl1erc 1~ was apparently dispersed. 
On the disappearance of the first arch rn the zenith a second arch 
began to form, and was soon completed, in the south, just as if it was 
the reuniting of the first arch after passing the zenith; also concentric 
with the magnetic meridian, and having an altitude of 30° above the 
southern horizon. The extremities of this southern arch reached 
nearly 40° on each side of the magnetic meridian . Beneath this arch, 
which was about 5° in breadth, was an intensely black arch concen-
tric with the white one. Just as the southern arch was formed, two 
deeply red belt.s, springing from the horizon at the points formerly 
occupied by the extremities of the northern arch, stretched themselves 
through the zenith, cros ing each other at that point., and ran down 
nearly to the southern arch. These soon vanished, when a black seg-
ment of a circle was formed in the magnetic north, having its edge 
fringed with a silvery white. During this the southern arch h~d 
remained nearly unchan geab1e. Presently, alternately red and white 
streamers darted up from the horizon, or near to it, all aro~nd the con-
cave, varying in width from 1 ° to 3° or 4° and convergrng tuwa_rds 
the zenith, the southern a, ch still remaining as before. On the ceasmg 
of this phenomenon the southern arch became serpentine in its course. 
About two hours after this, that is about 11 o'clock, the aurora, 
arriving at its maximum, presented a most beautiful spectacle. The 
whole northern sky, from the east to the west, became thickly ~es~t 
with a multitude of stud like streamers, in the north coming t<~ w1th~n 
only about 15° of the horizon, Lut at the east and west meetrn~ t 0 
horizon along an azimuth of nearly 30°, which all converged rnto a 
beautiful coruna about the pole of the dipping needle.. Thes~ strr: 
ers seemed all to have a sort of t remul 0us or wave-like motion r h 
one side to the other in rapid succession. Shortly afterwa_rd8 ~h: 
corona sent out streamers down the so uthern sky, thus completi_ngt' 0 
auroral illumination of the whole visible concave. Just at this im 
. th mau-
there was another arch form ecl ,in the north, that is to say rn ~t't de 
netic north, stretching about 60° along the horizon, wit~ ~n a 1 i·te 
at the culminating roint of 40°, and composed of bnlha~t / ·'th 
columns diverging from the north point of the compas_s, sh.a \/:he 
black beneath. In a few minutes this arch mingled itselt wi there 
columns, converging to the pole of the dipping needle; thef sky 
followed a succession of auroral waves, passing ov:er the who 1 ud s~ 
not unlike the electric flashes som.etimes observed rn thunde.r c a\w 
The southern arch maintained its position nearly three houi ~' ~me· 
pearing, however, durino· the occurrence of the last named P telnuds · 
. o . l f om co ' 
~on. D~r~ng the above auroral display the sky was c ear r e lainlY 
for as bnlhant as the auroras were the briO'hter stars could b P rora 
h . o 1 bl k The au seen_t rough then, even where they were intense Y. ac · h ight, 
contmned more or less brilliant durino- the remamder of t e ~ uous 
This aurornl display was characterized° by all the more conspic 
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phenomena of the higher classes, such as arches, strcn.m r~ a coron 
and auroral waves, the corona an<l w1:1.ves being rcma.rlrnhl v ~I v lopod: 
The southern arch, however, was perhaps the most remarku.blo phe-
nomenon of the exhibition. 
Second Glass .Aurora Borealis. 
December 23.-In the evening there was an auroral exhibition. A 
dark arch was formed in the north, having an altitmle n.t its cnlmin-
atin_g _point of 15°, ancl its centre of curvature ]ying in tho magnetic •1 
mend1an. Numberless streamers shot upward from the arch t an 
elevation of 45° . The aurora was visible about one hour. The bril-
liancy of the streamers would place this exhibition in the seconcl class 
aurora. 
Lunar Halo. 
December 27.-In the evening I saw a beautiful hn.1o nroun<l tho 
moon. The interior diameter of the ring was n.bout :1°, antl it:-1 c. te-
rior diameter was fully 7° . 'fhc inner edge of th ring wn.8 of a clc p 
crirmon color, and its exterior a brilliant blue; while it Imel iw i11t<., r-
mecliate annulus of yellow, bor<lering on an or11.nge color. 'l'li • width 
of the red ring was ¾0 , that of the blue a0 , and th11t of t,hc )' llow 2 O. 
'J.lhe phenomenon w1.u1 seen only about three or four minutes . 
.Auroras of the Third and Fourth Classes . 
1852-,Jmtuary 23.-In the evening saw a fourth class nrorn boro-
a1i . 
,January 24.-In the evening I ob erved the aurora horcn1i , but tho 
exhibition was of little importance, being of t,ho ll)WC.'t cla. ·s . 
.F'ebruary 7 .-In the evening stLW anrorn bor al is. 
February 18.-In the evening tl1ero occnrr •d qnitc a hrillin.nt • hi-
hition of the aurora boreali , with finely dcv •lnpccl Rtr arnct\. I n.w 
a very curious auroral meteor in the con tellation Vfryo. It Rlrnp 
wn.s that of the heo.<l of a htwo i;pen.r. I t for •mo t point wa in th 
vicinity of Spica and tho tw i:, anterior point. w r Rituat, d, th or1 
near r, and the o'tbcr near 1 of that coo tcll11tion. It r •in in· l vi i-
ble only a fow min ntes . 
February HL-ln the evening observe l light uuror l rr 1 c -
tion. 
Parltr.lia. 
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Minor auroras. 
Mar,·ch 9 ,---:In the evening tl~e s~y was clear _an~ _serene. I saw an 
aur_oral a~c~ m the north, havrng its centre cornc1dmg with the mag. 
netic mendtan. 
March 12.-In the evening, saw the aurora borealis. 
March 17.-In the evening, saw a fourth class aurora borealis. 
Parhelia. 
March 17'.- oon after sunrise I observed two parhelia, one on each 
side of the un, which remained visible at le:tst two hours. 
March 19.-After sunrise I saw a parhelion. 
WELD, FRANKLIN COUNTY, MAINE. 
Aurora borealis. 
November 10.-In the evening I saw an auroral display, co~-
sisting of a number of short streamers beset around the rn~gnet10 
north. While gazing on them I beheld a meteor resemblmg an 
electric spark, which suddenly emerged from a brilliant streamer that 
lay in the magnetic meridian, and vanished in a moment. It appeared 
to have a lateral and downward movement of about 2°. Color of 
streamers yellowjsh white. . .. 
November 11.-In the eveninO' I observed an auroral exhibition, 
which waR n::uch more brilliant° than that of the 10th instant. The 
streamers reached a height of 45°, being intensely bright, and of a 
yellowish white color. 
Solar halo. 
1853-.lJ.fay 27 .-When the sun had descended about a semi-di~~: 
eter of its lower limb, below the horizon in the west, I saw t_he far 
lowing semi-circle of a solar halo. The interior diameter of.the ~ircu as 
halo was about 8°, and its exterior diameter 18°. Its rnt_enoJ wut-
crimson colored, and the several prismatic: hues were _depic~~ ; for 
ward in succession. It was very brilliant, and a beautiful O ~ec 
contemplation. 
Aurora borealis. 
June 2.-In the evening, saw an auroral exhibition. The streamers 
were quite brilliant, long, and slender. irora. 
June 27.-At a little past 9h. in the evening I saw a fine f~m 2° 
It w:~ in the form of a great arch, about 140° in lefl:gt~, a~df Altair; 
to 3 rn breadth. The arch on the east approached w1thm 3. 0. d it 
on or near the meridian it passed through Corona Bor_ea!is 't _a~nd I 
western extremity was near ( Leonis. It was very bnllian ' 
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observed a number of oscillations or waves pa. s alona its rncridi n 
portion longitu?ioally. These waves were slow in procrre , , l\rHl HD _ 
what gyratory rn appearance. Only a faint illumination wa ob •n· d 
in the north. 
Rainbow. 
July 12.-When the sun bad been hidden nearly fifteen minnte by 
the western hills, and was just on the point of pas ing below th plnno 
of the horizon, I saw a beautiful rainbow. The bow wnR entir , u.ncl 
of splendid prismatic hues. Fragments of a secondary b w were se •n . 
The bow in a few minutes showed a great preponderance f reel ray , 
and did not disappear until the moment of sunset. 
Aurora borealis. 
September 2.-In the evening, observed an auroral xhibition. At 
first, a dark segment of a circle appeared in the magn tic n rt'1, 
about 10° in altitude at its culminating point. '1.1hi wus soon he. ·t 
around its ex terior with brilliant mys of a y llowish white. Th•, 
rays extend ing out laterally shortly formed a s r cntinc arc:h, till 
with the black beneath. Then a few streamer sh t ll{H ar<lli townrd 
the zenith. Shortly afterwards the e r,henom na. died u.w11y, and th 
northern sky remained quite luminous, with her nd 1h .,·• patch< 
of cirrus in filmentous wjsp~. I aw several mall 8t/l.r through tho 
dark auroral vapor first observed. 
1854-.llfarch 26.-In the evening observ d bri11ia t auror hor -
alis. Saw a fine auroral arch, hu.vin ()' an altitucle fr m th northern 
horizon of a hove 45°, and reacl1ing from the astern t th w' t ·rn 
horizon. Width of arch about 10° . J saw many minor •xhibition 
of the aurora borealis during the winter of 1853-'54. 
March 2~.-In the evening I observ d A. b 'autifnl n11rornl m •t or. 
It resembled the tail of a. huge comet,, proceeding from a_nn !Pus ah~,11t 
10° north of Spica Virginis. It lay long b •low LPo JlfoJo·,·, brnn ·h1n" 
out into two bright treams, with a fainter du.wu l etw '•n. tlw. uorth :rn 
branch reaching a Ganis Minoris, and th outh •rn t •rm1nat1u 'a fi •w 
degrees north of Canis JJ.fojor. 'rhe al~ovc w~i. itR .opp •urn.r~c I nt h. 
15m. It wa very brilliatJt, and rema.tn cl v1 tbl for 011~et1m •. . 
./Jfay 16.-In the evening ·aw a fin auroral arch, hn.v 111 11 n~1 f 1 1-
tucle of 70° in the north. It wa. cornpo c o{ a. g1 •tit numl ·r ol hort 
transverse streamers 2° or O a.part. 
Rapid oscillations in refractio,i. 
332 METEOROLOGY. 
The altitude of the moon was about 15° ; and the cirrus bands cro · 
her disk remained apparently unchangeable and motionless A 8~s1ng 
of rain followed before the next morning. · orm 
C. 
THE ZODIACAL LIGHT. 
WELD, FRANKLIN COUNTY, MAINE. 
1853-January 31.-0n this, as well as several preceding evenings, 
I have observed a pyramidal column of whitish light, after the ceasing 
of twilight, extending along the ecliptic from the western horizon to 
an altitude of 40° or more, which must be the conical body of the 
zodiacal light. 
1854-February 21.-Between 8h. and 9h. in the evening I observed 
the zodiacal light. Its base at the horizon was above 18° in width, 
and the altitude of its vertex about 35°. 
1855-January 14.-After the ceasing of twilight I saw the cone 
of zodiacal light. It was very brilliant, as much so as that part of 
the milky way visible at that season. Its vertex was above 90° from 
the sun ; in fact, a faint illumination seemed to extend almost to the 
eastern horizon. Its width at its base was more than 20°. It was 
observed on several other evenings of the winter. . . . 
1856-February 2.-In the evenino- observed the zodiacal light , 
it having been seen on several evenino-~ durino- the preceding month· 
It uniformly reaches abont 9Ob from0 the su~, having a~ apparent 
width at the horizon of 40°. ~ometimes a faint reflection 1s observed 
in the east. . 
1856-February 8 -After the ceasing of twilight in th~ eve~~nog 
observed the zodiacal light. Apparent width at the horizon ' 
length 10° from the sun. . , ht on 
1856-March.-I saw the pyramidal column of zodrnca1 lig 
every evening, in abs-ence of the moon, during this month. It appear~ 
at the horizon of a width van-in()' from 10° to 40°, and an apparen 
length of from 30° to 90°, and e~en upwards. ved 
1857-January.-During this month I have frequently obser the 
the zodiacal light. Its vertex is generally not less ~ban 90° fro~ ced 
sun. ( >n some very clear eveninP"S a. faint illumination may be rater 
h . o . . 'ble a grea to t e distance of 170° or 180° from the sun., bern&' v1s1 h 400, 
part of the night. Its width at the horizon sometimes reac es mall 
Its axis appears to lie a little above the eclipti~, or to h_ave .a 8 
north latitnd(;}; the amount of which is difficult of deterrmnation. 
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[Translated from the German for the Smith11oninn Insti tution,] 
In revising this translation, origina11y made by cli:ffi 1 rent persons, 
it bas been the constant aim to give as nearly an<l aR literally n p:-> -
sible the exact language of tr.e author. But one except.ion hn hecn 
made to this rule. In the case of the citation of English philo nph •rs 
reference bas been made to the original mcimoini, and th ·ir own 111,n-
guage adopted, instead of that of the rep0rt, wh revor it w s vid nt 
tl1at the intention had been to give tho eqnivaleat Germn.n to th ir 
Eng1ish. It is due to the author, however, to t1tatc that tliiH chnng 
has been at most but a verbal one, not material to the Hen. c. 'l'ho 
notice is, however, deemed necessary, bec:iuse thin is th only dcp: rtur ·, 
save in one or two unimportant cases, from the strict rendering of the 
language of the text. 
GEORGE C. CHAEJfFEH. 
SECTION TIIIRD. 
TUE LEYDEN JAR AND EFFECT~ or TJIB DI II ROTl, 
(Continued from page 456, of tho Rc1wt of 1 SG.] 
TIIE SECONDARY CURltEJ. T. 
§ 56. Nature of the secondf!,r1J current.- ~Vh . n n ha.tf !Y i <li • 
ci~ar~ed by a long metallic w1r~ ~h_c curr •nt rn _tn comluctrn ircuit 
wire induces a current in an adJOlOtnCT clo. •d ir conclu ·tor: 
The wire which forms the conducting circuit of ho h ry I n 
as the main wire 
The wire in which a current is in t ccd by the ac ion f tho nrr n 
in the mu.in wire is termed th secondary wir . . 
[The existence of the sccon ary curr nt, n mon tr t l rn n 
of xperiment8 by Profe 80! J ~p~ nry in ~ :_ , 1'!~ li h 
,Tran cti 08 ftheAmenc nfhtl p 1cd 1 , v 1. 
in 1839, a publication app· rent]y u known to o r nu h r. 
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The experiments of Riess and of Henry were therefore nearly simul-
taneous, as were the subsequent announcements. The article me 
tioned anticipates, however, much that is discnssed in the followi:· 
sections of this repo_rt, founded on late_r publications of Riess ana 
others. Thus .expenme;1ts upon screemng effec_t~, upon secondary 
conductors at different distances, and upon the difference in magne-
tism, were recited. The latter of these, in connexion with the matter 
in § 70, throw additional light upon the apparently abnormal devel-
opment of magnetism. But the whole set of experiments , and the 
deductions from them, were given as a sequel to similar investigations 
upon secondary currents with galvanic electricity ; severed from this 
connexion much of their value would be lost, and. to reproduce the 
whole, together with later researches in the ."ame line, would take up 
more space than can be spared in the present volume G. C. S.] 
Riess proved the existence of the secondary current in the following 
manner, (Pog. Ann., XLVII, 55.) 
Fig. 59. 
.71 
Let A A, in fig. 59, bea 
copper wire wound spirally 
about a glaRs tube and in-
troduced in to the r,onduct-
in g circuit of a battery; A 
A consequently is the main 
wire. A wider glass tube 
is passed over ~he main 
wire and upon it the sec-
ond~ry wire BB .is wou~d, 
leavin O' its ends hangrng 
free. 
0
The ends of a thir~ 
spiral C D, also woun 
upon a glass tube, are to be fastened at a and b. . a 
The connection· at b being severed, and the ends of the wire~:!· 
rated a little, a spark is seen to pass at b When the ba~terr,. Wl a 
sufficiently strong charge, is discharged through the mam wue.t A 
This spark is a. proof of the existence of the seconda:Y curre\take 
passage of electricity from the main to the seco?dary :vue car}°o the 
place if the secondary spir'al be kept at a sufficient distance rom 
ends of the glaRs tube on which it is wound. · 1 CD 
A steel sewing needle placed in the glass tube of the ~P1? b th; 
which we will call the magnetizing spiral, will be magnetize Y 
secondary current. · uit 
An electrical air thermometer inserted in the secondary circ 
indicates beat produced by the secondary current. ged his 
Figure 59 represents the form in which Riess first a~;nspiral a 
experiments. Afterwards (Pogg. Ann., L, 9) he gave e 
more convenient form. ther the 
. In a disk of _wood, consisting of th!ee pieces gl~ed tot~ for~ed, 
diameter of which depends upon the size of the spu~l to b ·oining 
concentric grooves are to be cut and made into a spua~ . Y derrnost 
each circle with the following one by a curved groove ; t e 10 
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circle is joined to the second by the groove c d, (fir,ure GO ) the ec n 
to the third by e f, &c. In the e O ' 
grooves a copper wire about half a line J'J · oo. 
thick is so laid as to make a spiral. 
One end of the wire passes through 
the disk at a, and along the under 
side to 2. From a the wire coil ont to 
c, from c to d, from d to e, /, &c.; x 
y is the other end of the wire thus 
wound in a flat spiral. 
The disk is covered with a thin coat 
of pitch before placing the wire upon 
it. 
The wire being fastened by the su-
perposition of a hot metallic plate, tho 
spaces between the rings of wire will 
be filled up with the pitch; a heavy heated plate Jaicl on th cli ]· will 
make the spiral perfectly level. This spiral is now bluck 'tl with cou.l 
and pressed upon another wooden disk to 
get the marks for a second spiral, which i,·, • tit. 
must correspond with the first as nearly as 
po. sible 
The disks are now fastened to glass sup-
ports, their planes being vertical. They 
a.re arranged upon the same stand opposite 
ch other, and so that they can be ap~ 
proached and separated at pleasure. This 
arrangement is represented in figure 61. 
Another arrangement of tho flat spirn.1, 
much more convenient for many purpo es, 
shown to me by Professor Eisenlohr, of ar], ruh , iH r pr ~,mh•<l in 
firrure 62. One of the pira1s is fastened on u.u upright glii f.l ttp" 
port in a horizontal position. Tho econ cl 1'11. ,;,. 
spiral js fastened in the same manner n n, 
gla.Rs rod, which has no foot ; it is placed 
ver the other, like the upper, over th · ~~~~~~L-.. t-
lower condenser plate. 11.;; , 
The distance between the piral can b 
ch nged by placing ~la s platcR of liffi•r-
nt thickne . e between them. l! or gr· t r 
di ta.nee piece f varni he wood having 
any e ired thickne are int rpo.· l. 
'rhe ends of the wir are prov id , ith 
scr •w clamps z and y, by meu.n of whi ·h 
the ·piral can be conncctc a may be do-
:sire . 
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. § 57. dl,Jagnetizing _b]f thebmahin currendt.-'ro avoid false conclusions 
rn regar to magnet1zmg y t e secon ary currE>nt, magnetizing b 
the main current should first be properly investigated. Y 
Such an investigation was first made by Savary. Riess rrpeat d 
Savary's experiments and obtained similar results. rrhe followi~g 
are Riess' results.-(Pog. Ann. XLVlI, 55.) 
In the conducting circuit of the battery, consisting of 25 jars with 
1} square foot coating each, a spiral of pla.tinum wire was placed· 26 
inches of this spiral were wound in 42 coils on a glass tube 3 idches 
long. The ends of the wire not wound up were, together, 34 inches 
long. 
In each experiment a new non-magnetic English sewing needle 
13 . 9 lines long and 0. 19 lines thick in the middle, was laid in th; 
spiral. After the discharge stroke had passed through the spiral the 
needle was magnetized. rl'o test the strength of the magnetism it 
was brought to a certain di&tance from a compass needle two inches 
long, (in what manner this was done cannot be easily understood from 
Riess' descriptiou,) and the deflection produced in the latter observed. 
By increasing the charge of the ha.ttery, not only the strength but 
the polarity of the magnetism of the needle changed, as the following 
table shows: 
guantity, 5 10 15 20 25 27 29 30 32 35 
Deflection, 9° 14.5 15 10.3 6.5-2.5-7.5-8.5 2.3 11.5 
It is seen that a stronger charge of the battery was not n~cessarily 
followed by a stron o-er mao-m-tism · a1so that the ma00-net1sm thus b t, . ' ' . t 
caused was not al ways such as might have been expected, accordrng 0 
Ampere's rule, (namely, that if we supvose the figure ?fa man to be 
introduc,~d into the circuit, the positive current enterrng at the fe.~r 
and passincr out at the head the fi o- ure when it faces the needle, wi f 
o ' o ' 1 t· . ng o have the north pole on its left hand,) for an abnorma magne 1~1 
the needle took place in all the deflections marked with the - sigfi. t 
In this series the Rtrength of the magnetism of the needle a\ ge 
increased with the magnitude of the charge, then decreased ~nti t'll 
direction of the magnetism was reversed, and it was only a ter. 8 1 
more powerful charges that the normal magn~tist? appeared d~g:~~~b·e 
These experiments are a proof that the d1rect10n of the 18 
current cannot be deduced from the polarity of the nee~le. . bnormal 
With weaker charges the needle was normally magnetized c1f only· 
magnetism appeared with increased charges in fine nee es tautly 
coarse needles are al ways magnetized normally, although co~s crease 
increased charges produce in them an alternate decrease aud 10 
of strength of the magnetism. . . . the 
§ 58. Magnetizing by the secondary current.-This p_ecultarit~;:darY 
magnetism of steel needles occurs in like manner m t .11 Stange in current. Magnetism produced by a secondary current WI c 
strength and direction: 
1. By incre'asing the charge. ernaining 
2. By increasing the surface of the battery, tbe charge; the ma"· 
the_ same_. The greater the surface, the stronger. ~iess ~oun distributed 
netism of the needle; the same quantity of electricity belllg 
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over a greater surface, it has a less den. ity, and cons quentl • a low r 
di charge, which is favorable to the pro uction of mu.gn ti m. 
3. The order of the period of decreaRe ncl increa. ,-n. well as that 
of the reversal of the magneti m, will be ch n cl by an alteration in 
the secondary circuit, such as introducing wires of con tantly increasing 
length. 
If the secondary circuit remains metallic a, before, but interrupted at 
one place, so that the current ha to pa with a p rk, av ry r mark-
able influence is observed on the magnetic ffect; often the mn.gnetism 
is in this way increased very greatly, sometime it i weakenccl, and 
again it is changed in direction. The strong st magn tizution by tho 
secondary current, amounting nearly to saturation f the needle, has 
been obtained in this manner. 
4. A continued change in the strength, as well a a chan in the 
direction of the magnetism produced by tho sccon<lnry J>iru.l, tak s 
place when, cceteris paribus, the length of the conducting circuit of the 
main spiral is continually increased. 
The apparatus shown in figure 62 may be v ry conv nieutly us d " 
in these experiments. The lower spiral may be taken for th s c ndu.ry 
circuit, and the magnetizing coil may be introduced b tween x and y 
by screwing its ends in the clamp . 
§ 59. Production of heat by the secondary current.-lt has already 
been mentioned that the secondary current produco11 th rmu.l ph nom-
ena; Rie s has also investigated thor ughly the lawA f tho dcvclopt nt 
of heat by the lateral current.-(P r,, Ann., L l , 65.) 
In the conducting circuit of the second ry spiral, am gn tic spiral 
an an electrical air thermometer were introcluc tl. 'J.lho foll win 
table contains the thermal and marrnetic ffccts which the A concln.ry 
current produces when the surface and char go f' tho battery t\r · 
changed. Sand q have the same signification as b f re. , 
s. 
6 
10 
16 
20 
25 
6 
22 s 
Q. 
16 
20 
26 
30 
20 
30 
80 
30 
:rn 
40 
20° 
25° 
J()O 
II n.ting. 
Mngn li m. 
Oh rv d. om put ·(l. 
3.8 :u 
6.2 6. 
!J. 0 !). I 
12.0 13. t; 0 
:1.1 :,. 0 0.6 
7.0 6.8 l. 6 
4. 4.li J.6 
3.5 'J, 4 .o 
2.5 2.7 2.n 
4. i 4. - 0. 
6.2 
.:J 2.0 
9. 
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In the last column the deflections of the compass needle produ db 
the magnetized needle are indicated as explained above Wh ce Y 
deviation is indicated the magnetism was not perceptibl~. ere no 
As far as the last three observations, indicated by * the obser d 
temperatures harmonize very well with the formula ' ve 
2 
h==a!L 8 • 
From all the observations (the tables given by Riess contain a few 
more) the mean result for a was 0.075; the temperatures computed 
with this co-efficient in the above formula accord perfectly well with 
the observed values. Hence the formula holds good for the tempera-
tures produced by the secondary current. 
In the observations indicated by * the secondary circuit was inter-
rupted, so that the current had to pass with a spark. This bas a 
very important influence (above mentioned) upon the magnetization, 
It is shown here, while the heating power is scarcely affected-it being 
a little diminished. 
When a German silver wire, 78 lines long and half a line thick, was 
inserted in the main circuit the heating was less ; the co-efficient a, 
which was found above equal to 0.075, was now 0.028. 
As may be readily conceived, the quantity of electricity in t~e 
secondary current is greater in proportion as the portion of the mam 
spiral acting upon the lateral spiral is greater, other circumstances 
being equal. In order to determine the amom1t of increase of the 
secondary current thus produced, the secondary coil B B, (fig. 59,) 
closed by the platinum wire of the thermometer, was slipped o_ver the 
straight prolongation of A A, and the temperature noted ":h1ch was 
produced in the secondary wire by the discharge of q == 20 ~n 8 ==f f 
Then, in successive experiments, a different number of c01ls O t 0 
main spiral was brought under the secondary spiral, and the saID:e 
quantity of electricity discharged in the same manner. These expen· 
ments gave the following results: 
Length of straight No. of coils. Heating in the lateral 
wire. wire. 
Lines. 
134 
102 
63.4 
24.8 
0 
0 
24 
53 
82 
101 
I , 1. 85 
4.9 
7.6 
11.5 
14:.0 
f t eries of el· The numbers of the last column are the mean o wo 8 
periments, giving nearly the same results. . duced in 
Since we know what elevation of temperature _(1.85) 18 pro ain wire 
the secondary wire by the action of a st'raight piece of te !Iltion of a 
134 lines long, we can compute the heat produce~ by t e ac nd thu 
straight piece of the main wire 102, 634, &c., Imes long, a 
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e are able to determine how uch h • it i pr luc 1 by th oli n f 
24, 63, 82, 101 coils of the main wire. ':l1hi gives-
With 24 coil .. .... ... .. .. .. ............ 3.5 
63 ,, ........................... 6.'T 
82 '' ........................... 11.2 
101 " ........................... 14. 
Thus the heat pro uced is very nearly pr portio al t the numb r 
of acting coils of the main wire ; h nee it f llow tlt t th qucm-
tity of electricity generated by the conducting circuit of tlte battery ·n a 
secondary wire is proportional to the length of the acti,ig part of the 
circuit wire, other circumstances being equal. 
If over the same main piral A A th same lat r 1 apir l how uncl, 
first with its coils parallel to th e f tho in apiral, th n with 
more open coils, so that the main apiral act alw ya in th dir cti n 
of its en tire length, but at fir t upon 1 n '" part f' tho 1 t •r l wir 
running parallel with it, and then n a bort r and mor p n pn,rt; 
in the latter case the action evidently is a much le R 1L th clir • ·ti r 
of the coils in the spirals differs, r tho cl er tho Int r 1 pirnl ia in 
comparison with the main piral. 
All the coils u cd for t.he e exp riment w r wound t th ri~h . 
It is not a matter of indiffer nee, a far a r g rclR th tr •n ,th { th 
econdary current, whether th lateral spiral i w nnd in th H m r 
the oppo ite direction to that f the main piru.l. p n a inn.in Rpirn.l 
wound to the right, eight inch f p er wir were wound fir t t 
the right, then to the left, with the r ult: 
Secondary spiral to the right ................... .. 
" " to tho left ..................... . 
II• t. 
1 .4 
2. 'T 
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great distances, the heating of the lateral wire will be too little t b 
observed. 0 e 
Ries stretched two copper wires 10 feet 6 inches long parallel t 
each other) (Pog. Ann., L, 7.) One of them was connected by meano 
of copper wires 6 feet long with the circuit of the battery· the ends 
of the other were connected by similar wires with the platinum wir! 
of the thermometer. By changing the distance between the axes of 
the parallel wires the thermometer showed that the current generated 
by the straight part of the conducting circuit of the battery in the paral-
lel wire decreases in the proportion in which the distance of the axis of 
the wires increases, provided the distance of the wires at the start is 
not too small ; for if the wires approach within a certain limit the 
heat produced increase in a less proportion than the distances 
decrea e. 
To obtain somewhat elevated temperatures by the secondary cur-
rent, wires of great length must be used, and the management of 
these is very troublesome when they have to be stretched straight. 
Hence, when only the generation of an intense secondary current is 
desired, it is gr atly preferable to wind the wires in a flat spiral, as 
already described, (144 .) . 
The current which is excited by the main spiral in the secondary, 1s 
weaker the further the spirals are apart; but it is easily seen tha~ be-
tween the strength of the current and the distance between th~ sp1_rals 
there cannot be a simple proportion, for any one part of the Cll'CUl~ of 
the main spiral excites a current, not only in the curved part lyrng 
nearest to it and on the same side, but also in the more remote rart of 
the curve, on the opposite side; the latter is indeed weaker, but :tacts 
against the former and diminishes its effect. But the proportrnn of 
the two opposite currents evidently changes when the d1stanc~ of the 
spirals is changed. If the starting point is from very small ~1stances 
of the two spirals the strength of the secondary current at :first mcrea_ es 
more slowly, but at a greater distance far m'ore rapidly than the in-
crease of the distance of the snirals. 
§ 62. Action of ady'oining cl~sed conductors on the generation oft!~ 
secondary current.-Riess extended on the floor of a room three co{lp 
wires,0.55 line thick and 10 ft. 6 in. long, parallel_ to each A 1B' 
(Pog. Ann., L, 12,) these wires being denoted respective~y byth t of 
and C. The axial distance between A and B was 4.45 ]mes, a 
B and C _2.35 lines: . . . . . from 
The wue A was mserted m the conductmg cucmt of a battery' ID· 
the ends of the wire C copper wires six feet long led to the tber:~ter 
eter, and consequently the secondary wire C included the thermo tem· 
in its circuit. When B was removed the unit of charge gave~ the 
perature indication of 0.135; B being restored to its p~ace nearj!ned 
same temperature was indicated; but when the ends of B wt\ indi-
by a copper wire 14 feet long only 0.094 was the tempera ur 
cated. Hence it follows that- t'n wire 
The current generated in a secondary wire by the condr,° 1, b~tween 
of a battery remains unchanged when a wire with f(ee endd.i~s wire is 
the two wires ; but the current is diminished if the interme ia e 
clOBed upon itself. 
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in~ulating substances were interposed between the main and secondar 
spuals. Y 
If solid insulators possess a greater specific inductive capacity than 
air a well marked di~tinction should be "!11-ade by means of the secondar 
current between solid conductors and mrnlators of electricity. Thu! 
while conductors, used as interposed plates, diminish the secondary 
current obtained through the medium of the air, insulators applied 
as interposed plates, should increase the current. , ' 
In spite of careful investigation Riess was unable to find such an 
increase of the secondary current by the interposition of insulating 
plates, such as glass, shellac, &c. The use of these plates changes in no 
respect the force of the secondary current, which was found just as 
great as though air only had been between the spirals.-(Pog. Ann., 
L, 18.) 
§ 64. Action of the conducting wire of a battery 'upon itself.-We have 
seen that no electrical current can be generated by induction in a wire 
with free ends. The conducting wire of an electrical battery is such 
a wire, but since its free ends pass into broad metallic surfaces, 
allowing the accumulation of opposite electricities, it is necessary to 
examine experimentally whether one part of the wire may not have 
an inductive action on another part. . 
Riess sought to solve this question in the following manner: 
(Pog. Ann., L, 19.) . · 
The two spirals, one of which had served hitherto as the mam, the 
other as the secondary spiral, were placed at a short distance ap~rt, 
and joined so as to form a single conducting wire, so that, on bemg 
introduced into the circuit of the battery, the discharge current had to 
pass through both. . 
In one case the outer end of one of the spirals was united with the ce~-
tral end of the other in such a way that when the discharge current lll 
the one spiral passed from the middle to the outside, it had to pass fri: 
the middle to the outside in the other also ; and, consequently, e 
discharge traversed the two spirals in the same direction. d f the 
The outer end of one spiral was then joined to the outer en ° 'ddle 
other, so that the current which traversed the one _from the m~ the 
to the outside went from the outside to the middle m the other' 
discharge thus traversing the two spirals in opposite directions. ther 
Now, if one part of the conducting circuit can act upon ~°;0 th; 
each spiral in the first case must cause in the other a curren lilting 
same direction as the main current, but in the last mode of conn~~ the 
the spirals a current opposed to the main current; and hdenbce, 1eaker 
last case the force of the current, creteris paribus, shoul e w 
than in the first. . 'th the 
The thermometer being introduced into the circuit along wirfectly 
combined spirals, it indicated, under like circumstance~, r hence 
~qual temperature, in whichever manner the spirals were unite ducting 
it follows, that in the discharge of a battery no part of the con 
wire acts inductively upon another part. 1 
. near tM 
§ 65. Retardation of the electrical discharge by conductors ducting 
conducting wire of a battery.-Riess introduced into the con 
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circuitof ~batt~ry(Po~.Ann.,X_LI _,393)acopp rwir 13fi t lon 
and 0.55 lme thick, which wa c 11 d m a. flat spiral n a wool n die 
ix inches in diameter, cover d with pitch and supported by a ,}8 
leg, as represented by fig. 61. A seri of experimonte made with 
the circuit thus arranged, gave- ' 
q2 
h = 0.43 --8 • 
A copper plate 6 inches 10 lines in diameter nd 0.33 lino thick 
was placed parallel to the main spiral, at a distanc of 2½ lin . It 
gave-
q2 
h == 0.41 -8. 
Then a secondary spiral exactly like the main spiral fl.ff plac d 
parallel to it, the ends being in perfect metallic contact. This u.rran -
ment gave-
h = 0.42 q: 
8 • 
Hence, neither the copper di k nor the a condary pirn.1 had a fl nHi-
ble influence on the tern perature of the c nducting circuit. 1 nRt ncl 
of the perfect metallic closure, a ]cs perfect l ur f th s ·ond11ry 
piral was made; that i , the end of the c pper wire w r c nn •ct 
by a platinum wire 138 lines long and 0.02 in. radiu . Th a n<lary 
piral thus closed being placed 5 line distant from th main piral 
the result was-
2 
h == 0.32 q ; 
8 
when placed at the J.istance of only 2~ line fr m the mtiin piml th 
re ult was-
q2 
h == 0.27 . 
The secondary spiral, clo e by a rm n Rilv_,r wir 460 Jin 
long and one-twelfth line diameter, nd I lacc<l 2~ lm fr m h main 
. pir11, gave-
r/ Ji,== 0.17 -. 
The Becondary spiral, c1 d y 
inches long, gave-
h = .3 !L 
tube fill l ·i h r 
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current ~oth in the copper ~late and in. the secondary spiral, but the 
current m the secondary spiral cannot mduce a current in the m · 
spir~l, bec~use the latter is not clo ed by metal,_ the two coating:~~ 
the Jars ~emg separated by ~la s. The on\y possible. influence of the 
current m the secondary spiral upon that m the mam spiral is some 
retardation of the discharge. 
Now, if the clo ure of the secondary spiral is more perfect than that 
of the main spiral, the current of the former will pass more rapidly 
than that of the latter, and on that account no reaction of the second-
ary spiral can take place upon the main spiral; hence, with a more 
perfect closure of the secondary spiral, the temperature in the conduct-
ing circuit is found very little less than when no secondary spiral is 
present. , 
With an imperfect metallic closure of the secondary spiral the 
secondary current has a longer duration, and then the discharge cur-
rent in the main wire finds, during its whole course, the secondary 
wir~ traversed by a current passing in the same direction, and we 
must assume that this is the cause of the retardation of the main cur-
rent, which is indicated by the diminished temperature; by imperfect 
closure of the secondary spiral the temperature in the main current 
was reduced in the proportion of 0.43 to 0.17. 
By inserting a tube of water into the secondary spiral the temp~ra-
ture again increases almost as much as though no secondarr spiral 
had been present, which is well explained by the fact that, w1t.h very 
imperfect closure of the spiral, no sensible secondary current 1s gen-
erated. . 
The circumstance that, with quite perfect as well as with v~ry 1~-
perfect closure of the secondary spiral, the influence on the roam wire 
is less than for a moderately good closure, leads _us to ~xpect that, 
when the secondary spiral is closed by constantly mcreas_rng lengtbs 
of thin wire, at first the temperature of the main circuit will decr~ase, 
that, with a given length of the introduced wire, the influence: of th! 
secondary spiral will become a maximum, and then decrease ~ga10., a\ 
that, therefore, the elevation of temperature of the c.onductmg_ ctt~e 
of the main spiral will again increase when the wire by wbic 
secondary spiral is closed is lengthened. A n 
This was verified by experiments which Riess made.-(Pog. n ., 
LI, 177.) metre 
Representing by 100 the temperature observed i~ the thermo dary 
introduced in the conducting circuit of the main spiral, the 81~con iven spiral being closed by a short thick copper wir~, the. resu 8 ~d of 
by the insertion of a German silver wire 0.1517 lme diameter a 
different lengths, are as follows: 
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Length of wire. 'fcmp ·rnturo. 
------
4.8 i ct. 70 
9. 8 65 
19.7 
" 62 29. 6 48 
39.4 
" 
r,i 
. 7 61 
138. 66 
286. 76 
682. 87 
Open. 100 
It is seen from this table how very rn.pi ly o.t first th t .mp ru.tur 
of the circuit of the main spiral d creas 'S with iucr •11!iiu 1, l ·rwtl of 
German silver wire in erted in the cil'cuit f tho ccoll(lnry pirn.l, n.nd 
that a minimum is reached when the lt:ngth of th• i11trmlu •cl \ ir iH 
29.6 Paris feet, in which case the hentiu, ffect iH only 1 p .r · •11t,. of 
that which is ob ervecl with l)erfe t closur of th · R •eo11da1· · spirnl. 
When the length of the wire c. ceeds 2!).6 foct tho t mp •rnturu grn<l-
ually increases again; and by lcn ,theuing the wir · t r, 2 f · •t, th• 
temperature rises to 7 per cent. of that J'igiun.lly ohtu,in ·cl . 
.A. metallic closed circuit near the conductiny wit. of an r.l clrfral 
battery act.s retardingly on the discharye of the bait ry in JJl'<J/)(J'i·lion to 
the length of its closing wire. 'l'he circu,it of the secondary 'll'i,· ~ btJny 
progressively prolonged its action succes8ively increas · , attains a mcui-
mum, and then decrease . 
The changes which the temp rature in the main wir 1111<lcr~o •a hy 
lengthening the secondary wire, bey the law indi ·n.t ·d li ' tit • lii t 
table, whether the charge of tho battery c 1;tr ng r or w •al ·r; vit.h 
tronger charge , as well as with w ak •r, tho r •larding <;ff •ct of h • 
ecoudary wire attain a maximum wh n tho s couc1n.ry spirn1 i ·lo.1 cl 
by 29.6 foet of the above-mentioned rrnan ilv r wir ; n.nd t,h •u t;h 
temperature in the main wir i 4 p •r · ·nt. of that whic;h < 1111I 
have been observed with an equal chu.r., if tit H . • mdn.ry pirnl Im I 
a perfect metallic closure; but SJ. on as th ncluc in, c;ir ·11it o 
the main wire is length ned by th iutrocl11 ·ti n of si thin wit th• 
C Urse of the retarding effect of the lu,t rn) Wir •hn.n 1 ' • 
In the main conductor a. platinum wir' 7 in ·h · :,. lin 1 n r ~rul 
0. 23 line radius was introclncecl, nncl h • r ult m th' foll, Ydf1 
table were obtain ,d; the la,tcral Rpiru.l bcin , cl . ·cl l r ; ~rmuu ii v r 
wire of different lengths : 
Length of orrnnn T nip ratur of 
1ilv rwir . Ill in wir . 
.o fi •t JI)() 
2 .6 " ..? 
49. ,, 7 
6' . 7 
237 . I 
57'1 , II 
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We see here that, on prolonging the main conductor the maximu 
effect of the secondary wire is not reached until a greate; length of wi~ 
has °?een introduced into the seco1:1da:y spiral, and moreover that the re~ 
tardmg effect of the secondary wire IS now much less. During the pre-
vious experiments the temperature of the main wire was reduced by 
the maximum effect of the secondary spiral to 48 per cent.; now the 
maximum effect of the secondary spiral produces only a reducti~n to 
78 per cent. of the temperature, which would have been observed either 
without the secondary spiral or by one perfectly closed. 
This is easy to explain. The secondary current is stronger in pro-
portion as the part of the main wire acting on the secondary wire is 
greater, and to the stronger secondary current we must also attribute 
a greater reaction upon the discharge. The length of the main wire 
was the same in both series of experiments, namely, 13 feet of copper 
wire, which acted upon the same length of the secondary wire. In 
the first series these 13 feet made by far the greatest part of the circuit 
of the battrry; in the second a platinum wire was introduced, whose re-
tarding power was equal to a copper wire 568 feet long and 0.55 line 
thick; consequently, in the last case, only about one-forty-fourth vart 
of the virtual length of the main wire acted upon the seconda_r~ spiral. 
Riess caused two other spiral disks to be made, each contarnmg 53½ 
feet of copper wire two-thirds of a line in diameter. The large and 
small spirals were introduced into the main circuit. 
The small main spiral being now placed opposite the small ~econdary 
spiral at a distance of 2 lines, the maximum retarding a~t10n of the 
secondary spiral took place when it was closed with 29.fi feet of Ger-
man silver wire. With this maximum effect the temperat~re of the 
main circuit was 76 per cent. of that which was observed without the 
lateral spiral, or when it was perfectly closed. . 
When the large secondary spiral was opposed t? the l~rge m:~n 
spiral at a distance of 2 lines, the maximum retardmg act10n of 8 
secondary wire occurred when the latter was closed by 79 feet ?f Ger; 
man silver wire, and in this case the temperature in the main wire w~ 
reduced by the retarding action of the secondary spiral to 2~ per f8!d 
Finally, the two secondary spirals, properly connecte~, berng_p ahad 
opposite the two main spirals, then 138 feet of Germ3:n silver wir.~um 
to be introduced into the secondary circuit to o~tam. the maJ1ereby 
retarding effect, and the temperature in the mam wire was d with· 
reduced to 20 per cent. of that which would have been observe 
out a lateral spiral. From these experiments it follows !h~td. charge 
The maximum effect of a secondary wire upon the electrica is 8 the 
attained by lengthening the secondary circm't is as. mu_ch gre~ter a But, 
length of the main wire acting on the secondary w~re is grt er. circuit 
at the same time, to attain this maximum, a proportionately anger 
is required for the secondary wire. in these 
The length of the platinum wire in the air th_ermometer in pro-
experiments was 143.5 lines. This wire, which IS very longcondarY 
p~rtion to the whole circuit, can never act inductivelr on ~he :~ton the 
wire ; to make the longest possible part of the mam wire t ned by 
sec~ndary spiral, the wire in the thermometer must ?e shor J but on 
which means the action of the main wire is, indeed, rn?re~~e inished, 
the other hand the sensibility of the thermometer is nn 
HY IC. 7 
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Each of these figures is composed of the two elementary form 
which Lichtenberg bas di tinguL hed as positive and negative an: 
for this reason the direction of the secondary current cannot be de-
duced from these figures. 
In the following experiments the ends of the secondary spiral were 
lengthened by copper wires, and a part of one formed a short close 
coil, wound to the right. In fig. 67 let x and y indicate the e~ds of 
the secondary spiral to which the above-mentioned wires are attached, 
. To magnetize a steel needle the ends a and~ were 
Fig. 67 · put in contact, and the needle was placed in the coil 
with it point toward m. To obtain the figures o~ 
the resin it was introduced between a and~- The 
/ re ults contained in the following table were obtained 
( 
with the small main and secondary spirals, consisting 
of 13 feet of copper wire, already mentioned. 
w ln the main spfral the discharge current passed in 
the direction in<licated by the arrow. rrhe following 
m J> table shows the polarity indicated by the needle when 
_l)I( it lay in the coil pointing towards m. 
A glass plate was interposed between the two spirals. 
Distance of Main wire. Quantity of Polarity 
spirals . electricity. at m. 
.Li.ne. 
1 
---------------- ·-
5 N. 
1 
------------------
10 N. 
1 Lengthened 
------
10 8. 
1 
------------------
30 N. 
1 Lengthened 
------
30 s. 
' 25 
------------------
30 N. 
25 Lengthened 
------
30 s. 
39.5 
------------------
30 s. 
It is seen that for the same direction of the main current the mag· 
netism of the needle varies with the other circumstances, whence/ 
difference in the directions of the secondary current might be de:ut~e y 
but the resin plate being interposed between a and /3, and the a. e!n 
discharged through the main spiral under all the circumstances giv. 
. h ·a f the reslll 
m the table, fig. 65 was constantly formed on t e si e O a· tion 
plate turned toward the end of the wire /3-a proof that the irect'srn 
of the secondary current remained the same, though the magne 1 
of the needle was reversed. late 
Riess used for producing the figure a small glass or. copper P ·n.' 
both sides having been covered with a thin coating of pitch t res~f a 
A surface of resin once used must be heated over the aroe 
spirit lamp to melting before it can be employed again. rked 
The direction of the secondary current, which, as already re_roaplate' 
could not be directly determined from the figures of _the resHd nser~ 
was ascertained in the following way: Two three-rnch 00 \ ed the 
were separated by a thin plate of mica; the lower one touc e 
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I have reported Riess' researches without interrupting the course f 
the narration by speaking of what has been done by others on the sa~e 
subject. Let us now turn to these labors. 
§ 68. Knochenhauer's researches on the current.-In a second article 
with the title "Experiments on Latent Electricity," (Versuche ube; 
die gebundene,Elektr~citat, Pog: Ann., LVIII, ~91,)Knochenhauer pre-
sents the law accordrng to which the force of the secondary current 
decreases when the distance from the main wire increases. 
Riess has shown, as already mentioned, § 61, that the force of the 
secondary current decreases in the same proportion in which the axial 
distance of the secondary wire from that of the main wire increases. 
Knochenhauer thinks this law is "evidently insufficient." 
Starting, apparently, from the idea that the lateral current is a phe-
nomenon of induction, Knochenhauer attempts to apply here his law.* 
That a law stating the relation between action and distan9e, adapted 
to the case of spherical bodies only, in which all action can be consid-
ered as starting from a single point, cannot hold good for wires run-
ning parallel to each other does not stop Herr Knochenhauer. His 
law has such an astonishing elasticity that, by barely changing the co-
efficient, it serves for the secondary current. In his opinion there su~-
sists between the force of the secondary current ( measured by the air 
thermometer) and the distance of the wire the relation 
{} == Aavn 
in which {} denotes the temperature of the thermometer in the second-
ary wire, and n the distance of the secondary from the main wire. 
This n, however, is not the axial distance, but the distance of the 
wire in the clear, in which he assumes three lines as u~ity;. hence 
the magnitude of n has first to be computed from the axial distance 
a given by Riess. . 
He first compares his formula with the results found by Riess .. A 
series of these observations he arranged in the following table, with 
the values computed by his formula: 
-
I 
d. ' e observed. e computed. Difference. 
-
Lines. + o. 003 2.71 0.216 0.219 
6.78 0. 145 o. 143 _ o. 002 
11.24 0. 119 0. 104 _ o. 015 
16. 01 0.081 0.079 _ o. 002 
19. 61 0.066 o. 066 o. ooo 
23.87 0.054 0.o55 + o. 001 
h b ve form· In fact the values observed and those computed by t e a ~ 0 4g9, 
ula correspond sufficiently well by making A == O.4O1, a 1. h the Indeed) the formula answers for very short distances, for w IC 
law of Riess, on evident grounds, is no longer applica?le. observa· 
But does this accordance ofKnochenhauer's formula with th~ 
· *See Report of 1856. 
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tions prove its corre tn . ? Cert inly n t. Wit r 
c n tant at our di posal it is a y t inv nt a whol ma of fi rm ii 
which would serve ju ta w 11; that i., th y will n cord with th fi w 
numbers observed within narrow limit , quite a clo ely us the limi 
a.re narrow. As a proof I propo e 
0 =A+ blog. 
the first best arbitrary formula that occur t m . 
8 denote .the temper.ature of the econdary wire, 
of the wires. Making A== 0.276, and b == .1 thi fo1 mulu. will 
agree with Riess' observations a well a that f 1 n~ch •nhaucr · n th 
following table shows, in which tho third vertical column c' ntu.in 
the values computed by the above formula: 
d. o observed. 0 OUl}l\lt cl. Llitli r1 n ·1. 
' 
Line8. ' 
2.71 o. 216 0.207 - o.oo:i 
6.78 o. 145 0. Ha - 0.002 
11. 24 0. 119 o. 107 - 0.012 
16.01 o. 081 0.084 + o.oo:i 
19. 61 0.066 0.069 + . 00:1 23.87 0.054 0.056 - 0. 002 
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Solution of the problems recently proposed on branched gal . 
currents, for the discharge current of the electrical battery.-~~!c 
Ann., LXVIII, 13 . ) 0 • 
On the rati of tension in the discharge current of the electrical 
battery.-(Pog. Ann., LXI , 77.) . 
On the comparison of the electrical formula with the galvanic.-
(Pog. Ann., LXI , 421.) 
~'he experi.ment~ me.ntioned in the e memoirs are very badly de-
scribed; the ch cu 10n rnflated, confused, and full of difficult formulas 
which do not lead to imple, clear, and well founded results. ' 
Since the d.e ign of thi report is t~ pres~nt to _t~~ reader the pro-
gress of phy 1cs, and not to weary him with criticisms on fruitless 
labors, I nee say no more of Knochenhauer' s memoir on the lateral 
current and kindred subjects. The criticism on the abovementioned 
paper suffice to ju tify me in this respect. 
§ 69. Charging current of the electrical battery .-In Fig. 68 let a 
and b denote two electrical batteries, both of which are insulated 
The exterior coatings of both batteries being in metallic connexion, 
suppose a to be charged and b to remain uncharged. 
Fig. 68. Now, if any suitable discharger, 
:fitted to the knob of the jar b, ap-
proaches the knob of the charged 
jar, a spark passes, the jar a be-
comes partially discharged, a part 
of the ( e. g.) positive electrici~y, 
which was accumulated on them-
ner coating of a, passes with a 
spark to the inne: coating _of b, 
while a corresponding quan!1ty of 
-------------------- neo-ative electricity pas.Ses w1th0ut 0 
• f ma a spark, by the conducting connexion of the outer coatmgs, ro 
to b. d th harge In this manner a is partly discharged and b charge ; e c 'd 
of b is not gradual, as in ordinary charging of jars, but veq rapf ~ 
Dove terms the current which passing from the outer coatrndg 0 
1 ' h h . rent (La ungs-to that of b, charges the atter battery, t e c arging cur . , h t'on 
strom,) and he has compared the action of: this ~urrent wi~h i ::J the 
of the discharge current already amply rnvest1gated. He 0 
following results, (Pog. Ann., LXIV, 81 :). . . 1 induction I. Induction. In the outer connecting wire a ?ylmdnca r s iral. 
spiral was introduced, surrounded by an exterior seconda Y P 
The effects were the same _as in the discharge stroke. . t pted a 
2. Sparks. The outer connecting wire having been m .errn !ace'of 
brilliant white spark, with a loud report, appeare~ at the aucting 
external interruption the instant the spark at t~e rnn~ 0?nner con4 
wire passed. A moist thread being introduced mto t \ma feeble 
ducting wire, the spark assumes a redish yellow color an;. ~\ruption 
report; the same change is also indicated in the' place_ o in e d 
of the outer connecting wire, in which there is no m01st tred in the 
Dove found further that the "charging current" pro uce 
same manner as the discharge current. 
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3. Galvanic effects. 
4. Magnetization of steel. 
5. Physiological effects. 
6. Penetration of bad conductors, ancl 
7. Evolution of heat. 
The needle of a galvanometer in erted in tho connc tin wir of 
the outer coatings is not affecte when the inner coa.tina u.r • hrou ,ht 
into metallic contact with a white and l nilly ouncli n11 Rp ~rk, without 
the interposition of a moist thread; but it i en. ibly ff •cl ·<l wh n '" 
moiRt thread is introduced there. 'rhe magnetizing f 11. 1:1t , •l n ell• 
placed in a spiral was produced with gr o.t ffect in tho first en. 
(without interposition,) but feebly in the second ca , (with inter~ 
position.) · 
The contents of one of Dove's papers in ocrgcn orf'I~ Annalen, 
(LIV, 305,) bearing the title, "On the current induced in uu\.<"t •tiz-
ing iron by means of fricti nal electricity," will htLVO to l pr 11t cl 
later, because this subject is closely related t th orr •:pon lin 
effects of the galvanic current. 
§ 70. Hankel's researches on magneHzing steel neeclle,9 by tit rlisclrnrr,e 
8parlc of the elecirical battery.-Hankol has publi h •cl two IM, n -
moirs on this suhject, (Pog . .Ann., L , 6:37, L ,. I 1 :121.) 1 n th 
first he speaks of Savary's observation , ancl then pr eeds t th 
description of his own experim nts, the r . nlts of which nrn a follow : 
1. When the discharge stroke pa cs through n. F!piru.l i 11 which f\ 
steel needle is placed, a certain minimum of chn.rg iH g •n •mlly n -
cessary to magnetize the neeJl . allin the polarity which it, r 1c •iv t1 
by the discharge stroke of this minimnm, normal, t,h n • •ell wi1l h -
come abnurmally magnetic by gradually iacrc1u1iug cliscllllrg, , tutcl 
again normal by still stronger char<reA, &c. The nhnorrnal urngn ·t-
ism appears with strong charges of tho battery, n.1-1 the pi •c 'Hof' wir 
introduced into the circuit of the battery arc 1onrrcr in proportion 11 
the charge is stronger. . . 
When in addition to the spiral an ·l th' 1n •ccs of th' concluctin 
circuit remaining constant in all the .xp rim•nts, nn iron wir• :u 
foet long aod 0.1 lin in diamet r was intr cine• , ahnornud 11111 11 not,.. 
i m was obtained with a charge 70 (me . UI •cl hy p· rk of then ·n ur-
ing jar) ; on in erti ng 82 f .ct uf h~ mo , ire u. ·~m~ ,. of l 2 , u 
required and a wire or 154 feet r gmrcd n chnrg · of lf, . 
2. Wlien a battery f more, and th'" on f' fi,,' r j1ir VIL u a 
with the same conducting circni , h h· t ry f t,h 1 numb r of 
jars produc d the abnormal p rio 1 , ith n. I ·lu rg . 
An iron wire of 202 f• t having •n intro tu· d n I \I'.,• of 20 
with tw jar pro uced ab~ormo.l i 11n ~,ir. ti n, w l_iil r li.y n in ' 
jar it wa only obtained w1th n. chnrg f 7 , an I with ~ J ir , ~· n 
the quantity of elcctrici y 2' , di not pr uc nl norm I urn n t, 
tion. 
If with gradually incren ina chnrg , th . h 
abn rmal magnetization i 7:ot n.l ~ y . I tom 
neverthele not wholly w nt1~"; ~or n rncr 
tren gth of the normal magnctl m 1s ob orvc 
2 B 
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nor:n:rnl magnetization correspond in this case to the abnormal 
periods. 
Hankel applied himself to the explanation of this phenomenon 
and h e lays down the following as the fundamental idea: ' 
"It is known from Faraday' researches, that a current at its com-
me?cement ~enerates an oppo ite current in a ntigbboring conductor; 
at its ce sat10n, on the other hand, a econd current which passes in 
the same direction with the original one. The electrical sparks must 
act in both ways, upon a steel needle placed near the wires, as the 
needle is perpendicular to the direction of the curren t, the planes of 
the current produced in the needle are likewise perpendicular to tlie 
length of the needle, and the magnetism of the needle will be in 
oppo ite direction according as we consider it to be excited by the 
action of the beginning or by the cessation of the spark. But the two 
instant of beginning and end of electrical sparks follow each other so 
rapidly, that their separate effects cannot be measured; hence magnet-
faation is the re ult of both of these influences." 
Thi is e sentially the fundamental idea to which Wrede (Berzelius' 
Jahre ber-icht, deutsch von Wohler, 20ster Jahrgang, S. 119,) sought 
to r~duce the alternate normal and abnormal magnetism of steel needles 
by the discharge stroke in main as well as in secondary wires. . 
As already intimated by Riess, (Dove' s Repertorium, VI, 218,) th!s 
mode of explanation belongs yet to the domain of conjecture. It 18 
possible that this is the natural process in magnetizing steel needles 
by the discharge stroke, but it is by no means proved. 
On the whole this explanation seems very plausible; but the_de~uc-
tion of the particulars of the phenomenon is not at all convmc~ng, 
although Hankel expresses himself quite at length UJ:?On the subJect. 
We will do well to consider this as still an open quest10n. . b t 
Riess remarks, in the place above cited in Dove's Repertormm, t a 
it is better, and more for the furtherance of science, op~nl_y to_ citlf 
the deficiencies of our knowledge, than to attem_pt to.aid it wit_ be 
explanation and to cover up its defects ; and m this connexwn t 
quotes a passage from Franklin's letters, which should be taken ° 
heart by every scientific man : . 1 the 
"I find a frank acknowledgment of one's ignorance 1s not on bt. 
easiest way to get rid of a difficulty, but the likeliest way to O alll 
information; I think it an honest policy.'' . . . 
In the second memoir Hankel treats of the follo_w!ng P011!-t~~ men· 
1. The number and magnitude of the magnet1zmg peno '' 
tioned in the first memoir. . 
2. The act.ion of different spirals. 
3. The action of the conducting wire upon itself. 
4. The influence of the thickness of the needles. 
5. The influence of the surface of the battery. 
6. The changes of the alternations by obstacles int~r~osedf m their 
7. Special influence of particular metals, totally d1stmct ro 
conducting capacity. 
We will consider these points in succession : . mployed 
· _1. As_ a magnetizing spiral, a spiral of silver wire was eof tbe!Il· 
with coils so close that t,he introduced needle covered 31 
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2. The seties of experiments represented by fig. 69, were compared 
with two others in which the spirals were ~o moved in the direction of 
their ]en gth that the needle covered only 28 coils in the second and 
only 11½ in the third series. The general result was, that the p~riods 
were longer in proportion as the needles eovered fewer coils. 
3. As mentioned above, Riess announced the proposition that in dis-
charging a battery, no part of the circuit acts inductively upo~ itself. 
Hankel contests thi propo ition. He comes to the opposite conclu-
sion from the following experiments : 
A copper spiral of tolerably large diameter was surrounded by a 
similar spiral, the two being so arran ged that the discharge c0uld at 
pleasure be made to pass through the two, either in the same or in 
opposite directions.* A magnetizing spiral was also introduced into the 
circuit The march of tlie magnetizing periods for both arrangements 
being then compared they did not harmonize, and hence Hankel 
inferred that there was nece sarily an interference of effects. 
Even if it be conceded that Rei s' experiments are not sufficient to 
establish hio propo ition, those of Hankel are still less fitted to over-
throw it; for, in the phenomena of magnetism by the discharge stroke, 
our knowledge of what is regular or what may be accidental is not 
Fig. 70. 
h nt of coin· such as to permit a safe conclusion to be drawn from t e wa 
cidence of two such series of experiments. cording 
The differences which occur in magnetizing steel needl~ 
h. h appears lO 
• Hankel gives the thickness of tho wire to the ro6ooo of a m(llim~tre, r JC erirnents, 
me an unnecessary accuracy, cons:dering the other relations of this senes O exp 
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7. The insertion of iron wires yields remarkable phenomena 
tlucing anomalo?s periods. of ver)'." cons_iderable strength. H~ik~i 
found them particularly , tnkrng with thick, long iron wires. Wh'I 
a_ thick copper wire greatly we~lrn?s the _magnetis~, the latter is co
1
n~ 
1~erably st~·e~gthP,ne~ by a thick 1~~on wue. On _rntroducing an iron 
wire 1. 27 millimetre diameter and lvl metres long it gave for instance 
the re ult for a charg~ G, a normal maximum 11 ; for a dharge 36 a~ 
anomalous mao-neti m of the strength 9!, taking for unity the ~a<r. 
netizing strength adopted in con tructing the above curves. 0 
§ 71. Leyden J°ars of thick glass.- · Winter, of Vienna, constructs 
Leyden jar which have a much greater striking distance than those 
in general use, and he accompfo1he this by using vessels with very 
thick ide , ( ov r 1 line,) and by leaving a very wide uncoated bord~r. 
Spontaneous dischal'ge is prevented by the width of t.he uncoated 
border, and perforation of the gla s is prevented by its thickness. In 
such jars the ten ion of the free electricity on the inner coating can 
reach a far higher degree than in the ordinary thin jars, in which, if 
a pontaneous discharge does not occur, a fracture of the glass is to 
be feared. 
The mutual in0 uction of opposite electricities of the two coatings, 
in co-csequence of the great thickness of the glass, is less perfect th.an 
with thinner glass. With the same quantity of coating, and with 
the same density of the free electricity on the inner coating, less ele_c-
tricity will be accumulated in thick glass jars than in th?se of t~rn 
glass ; in general, therefore, the quantity of electricity which _a. thick 
glass jar can receive is less, but the tension of the free ele?tnc1ty on 
the inner coating, and consequently the striking distan?e, 1s greater. 
It is to be expected that with the greater striking d1stan9e, other 
effects of the discharge will also suffer a change. All effects of ~be 
djscharge stroke, in which it is chiefly desirable that a great quantity 
of electricity should be sent through a body, can be produced ~ettt 
with large, thin glass jars, but where the force of the shock ~s t ~ 
main object, thick glass jars serve the purpose better; hence 1\ ac 
peared to me probable that the perforation of glass plates sho~ld a e 
place much more easily with thick jars than with ordi~ary ~hm1 ones. Trial perfectly sustained my supposition. Formerl:y, m usrng argey 
thin jars, a great number of revolutions of the machrne were neclssa;n 
to charge the battery sufficiently for the perforation of gl:1ss, an ev20 
then the experiment did not al ways succeed satisfactorily; now, 3 
revolutions of a very moderate electrical machine s~1ffi.ce to charge 
thick glass jar so as to produce this effect with certarn~y. b t} line· 
Fil!'- n. The thickness of the glass jar, fig. 71, 18 a don_ etres' 
each coating has a surface of about 9 squa_re ~ci: ' 
and the uncoated border is 22 centi!lletres m ~elf thick-
~'" I have not studied carefully the rnfluen_ce O t e estroke, 
ness of the glass upon the effects of the discb~rg ttention 
. and only make this notice in order t~ draw t e: wished 
of other physicists to the point. It 1s _much to \ireadY 
that Riess would take up this subject, srnce he :a\Iedged 
labored in this field with such generally ac no 
good results. 
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equally strong charges of the jar, are, consequently, in the ratio ofl 
to 2. 77, or the surfaces covered by them are as 1 to 7. 67. 
A .plate, coated_ on both sides with ~itch, ~n being brought between 
the rnsulated pornt and the conductrng wue, and subjected to the 
above process, the positive figure appears on one side and the negative 
on the other. 1 
When the jar was charged with negative electricity, the disk ap-
J)eared above and the sun below, but the ) ellow sun in this case was 
only 2.2 times as large as the red disk. 
The cause ol the negative figures being relatively greater than in 
the previous experiment was owing to the excess of negative elec-
tricity, which was transmitted to the upper surface; in fact, a sun ap-
peared on the upper side, which was 3.3 times as great as the red 
disk on the under side, when a positively charged jar was used in a 
similar experiment. 
Riess has shown that the dust figures appear only when the passage 
of electricity on the insulating plate is accompanied by a discontinuous 
discharge, which may be recognized generally by a peculiar hissing. 
By holding the pitched plate to the knob of a charged jar a spark 
passes with a crashing noise; a discontinuous discharge Jhus takes 
place, and a figure appears on dusting; but the plate bemg placetl 
at such a distance from the knob of the jar that a spark c~nnot pa~s, 
some electricity sti,11 gradually goes over, producing a contmuo~s dis-
charge. If the plate is dusted after standing from 30 to 70 1~mutes 
opposite the knob of the jar, a number of round spots al!~ear me~n-
larly distributed-yellow, if the jar had a positive, red, 1f a negat~ve 
charge. These spots exhibit no trace of rays; they are perfectly alike 
in size and form for both electricities. . 
Bence, electrical dust figures appear when electricity is transmitted by 
a discontinuous discharge to an insulating plate. . th 
Upon this fact Riess founds a very ingenious explanation ~f 8 
difference between positive and negative dust figures. In a discon-
tinuous discharge passing over the surface of an insu_latu: the ~~r 
densed atmosphere which covers the surface of all bodies, 18 forci ! 
' . . f water 1s penetrated, and a part of the stratum, contammg vapor O ' 
projected with violence against the surface of the body· 'bl ·nst 
But Faraday has shown that, if moist air impinges for~i Y ~ga~se* 
any body, the latter is negatively electrified; thu~, the?, m th;s :ence 
the surface of the plate becomes negatively electnfied m cons 4. ing 
of the discharge which takes place over the surface ; the rema;fvely 
electricity of this discharge then has only to spread over a nega 
electrified insulating surface. . . . ads frorn 
The surface being charged with negative electncitJ:, it sp'e ·rcurn· 
the point over an insulating surface already ne~ati~e; t fh~1 nega· 
stances, therefore, not being favorable for the distnbutwn of unded 
tive electricity the figure cannot become enlarged, and a ro 
form is assumed. ositive 
The jar being positively charged, the rem~inder of the P atively 
charge spreads from the point over an insulatrng surfac~ 
. _(See 
,. T h conclusion, S he experiments of Faraday referred to, scarcely allow of suc a G. C. · 
-Report for 1856, p. 364,) · · 
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touching the pitch was electrified like the ball; too stronO' an ace 
lation of electricity was prevented by providing the stamp bwith a t 1~· 
4rter t~e stamp had been exposed fjom 20 to 30 minutes ta the in~~c: 
t1ve act10n ?f the ball, a clear dust 11:llage appeared without any dust 
figure, but uregular spots appeared rn the ground, which were not of 
the color of the image. 
Similar results were obtained when the stamp was placed for several 
hours in connexion with one pole of a powerful dry pile while the 
electricity of the o~her P?le was conducted off as completely 'as possible . 
. I!1 these cases, m which general]_y no dm;t figures appeared, it was 
rnd1fferent whether the stamp was rnsulated or not, on its removal. 
The color of the irregular spots sbowrJ<l that they originated in the 
electricity actually passing from the stamp to the pitch plate at the 
places which admitttd of a slight current. To avoid these, more ready 
passage to a conducting medium must be furnished for this electricity, 
as in the case when the dust images were produced in rarified air. 
Riess obtained in this manner the most perfect dust images. 
The dust figures and images, just considered, are, according to Riess, 
primary electrical delinea.tions ). the figures and images now to be con-
sidered are secondary electrical delineations. 
§ 75. Electrical breath jigures.-The surface of glass, mica, .&c., 
over which an electrical discharge stroke has passed, gives, by breathing 
upon it, peculiar ramified figures, which stand out from the surface 
obscured by the breath with a mirror-like lustre. . . 
The breath figure indicates the path taken by the electn~al dis-
charge over the surface; and its form differs therefore, accord.mg to 
the nature of this surface. On metal, it appears as a round disk_; on 
resin, as serpentine stripes; on niica, as fine, many times ramified 
lines. 
The breath figure is independent upon the kind of electricity em· 
ployed. . . 
rrhat these figures do not originate in the electricity which contmues 
to adhere to the surface is established by the fact that they are seen 
on metallic surfaces, on which they appear after t~e breathing, :: 
distinct circles, surrounded by more or less obscure nngs; the bread 
figures also appear a long time after the discharge · stroke ha~?asse f 
over the surface, or after the surface has been passed o~er the d~m~ 0g 
a spirit lamp. Hence; the breath figures cannot be owmg t? a ennb· 
electricity; they are to be ascribed to a change of surface which the su 
stance used has been subJected to, by the electrical dischar_ge. b f esh 
On a fresh surface of mica, that is on such as is obtamed Y a rliar 
cleavage, b:eath fig_ures do not app~ar. . This depends. upo~ a £h~c~7th property of fresh mwa surface, which ·Riess has described m 
volume of Poggendorf' s Annalen, page 354. rating 
A clean plate of mica being breathed on, or held over eva~owith a 
water, the result is, as with all bodies, that it will be covere 11 drops rapidly disappearing stratum of water, consisting of very sma ' 
which are not in contact with each other. it re· 
~ut when the mica has received a fresh surfa;ce by_ cleava:t~ed 00 • 
mams perfectly clear, shining and transparent after bemg bre £ ce 00t 
rrhis phenomenon is by no means owing to the fresh aur a 
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occasion of numerous theoretical extravaganzas brouo-ht us back t 
the basis of a rational treatment of the subject~ Cmfld Karsten ~ 
have known of this work in drawing up the papers in the 60th volt 
of the .Annalen? me 
The explanation which Karsten gives of Moser's images is altogether 
inadmissible and may be easily refuted. He thinks that, because similar 
images can be produced by the aid of electricity, :Moser's imao-es must 
be of electrical origin. He thi~ks that'' if two bodi_es, di1ferin°g in any 
respect from each other, come m contact, an electrical current is pro-
duced I" and that this is the cause of Mnser ' s images. 
The generation of an elett1rical current by the contact of two hetero-
geneous bodies, which Karsten seems to intimate in this passage, will 
not be granted by the most zealous of tl,ie adherents of the contact 
theory ; but granting even the existence of such a current, it could 
not produce any image, as the researches of Riess prove. 
That electrical tension alone, without repeated discharges between 
the body and the plate, is not sufficient to produce electrical images 
has been shown by Know in a paper '' On electrical figures and ther-
mography," (Pog. Ann., LXI, 569,) in which he has proved the 
:11ntenableness of Karsten' s view as to the electrical origin of Moser's 
images. 
The rest of the contents of Know's memoir will be mentioned sub-
sequently in the proper place. 
§ 77. Electrical breath images.-Riess placed a metal sta!DP on a 
shining pitch surface, and upon the stamp a small metal weight_ c?n· 
nected by a silver wire with the knob of the spark micromet~r, recemng 
electricity directly from the conductor of the machine, wlule th~ other 
knob of the spark micrometer, one-half line from the first, was m con-
ducting connexion with the ground. . h 
The machine being now turned electricity accumulates upon t e 
' ·1 d. harue first knob of the micrometer and upon the stamp, unti a isc 0 
h k bs · con-takes place by the passage of a spark between t e two no , Th 
tinued turning will charO'e and discharge the stamp anew. : 
discharges follow more r~pidly the closer the knobs of the spar 
micrometer are together. ved 
After several revolutions of the machine the stamp may be remiow~ 
the plate breathed upon, when a shining image of the stamps 
itself on the dull ground. . tricity 
It is indifferent for the success of this experiment which elec 
is used. . on these 
Such images may also be produced on glass and mica, but 
substances they are often imperfect. d electri-
The simple breath image, Riess says, in caused by repeat:he model 
cal discharges taking place in opposite directions _between th model 
and the insulating plate. The electricity commumcated ~~ l~tter is 
passes over to the plate, then back to the mode~, when e me kind 
discharged by the spark micrometer; thus a mot10n of t~.e sa the dis· 
of electricity arises, first down ward and thus upward. Srnc: ct e]ec· 
b er pene , c arges between a bad and a good conductor are nev . pon the 
tricity, both of the kind used and the opposite kind, remam u 
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clean, but leaves it unchanged_ if it is soiled or tarnished. Thi's · +l 
. [' . b h . l A IS " 10 case, m 1ormmg reat images on meta s. very small number of d' 
cbar~es h_aving _passed. b_etwe~n a metallic _sur!'ace and one of m·: 
coverrng it? the mtermittmg discharge begms m t_he foreign stratum 
on tbe surface of the metal, and the metal remarns uninjured. but 
when the stratum is destroyed, and the breath iffiage is produced' and 
the discharges are continued, the latter then begin on the metal itself 
which is thus changed. Such images, appearing without breathing' 
and representing some parts of the stamp in brownish colors Ries~ 
produced on silver with from fifty to sixty revolutions. ' 
§ 78. Electrolytic image.s.-lf the blunt point of a platinum needle 
be placed on a paper moistened with a solution of iodide of potassium, 
and lying on a metallic plate connected with the ground, a brown 
spot will appear under the point if the needle is electrified positively, 
but there will be no spot if it be negatively electrified. Using positive 
a.nd negative electricity one after the other in any order, the coloring 
remain even when the quantity of negative electricity far exceeds 
that of the positive. 
This fact explains the electrolytic images, which Riess has invented 
for proving the correctness of the view presented above, on the forma-
tion of breath images by alternating discharges. 
A piece of card paper, moistened on one surface with a solution of 
iodide of potassium, was laid on a metallic plate connected with the 
ground, and then covered with a plate of mica. A stamp was placed on 
the mica, and, being loaded with a weight of 2 to 14 ounces, was con-
nected with the spark micrometer, whrn,e knobs were ½ a line as?n~er. 
After twenty revolutions of the machine, positive electricity contmumg 
to pass between the knobs, a very sharp image appeared on the paper 
in which the letters of the stamp appeared with a brown color .. 
The explanation of this phenomenon, according to the ~bove, is ~~sy. 
As in breath images, the st::i.mp being charged with positive electncity, 
it passes from the lower surface of t-he mica to the metal plate, ailtl 
thence through the moist paper ; by this passage of the + E tot~~ 
metal plate the iodide of potassium is decomposed; as soon as a dis 
charge takes place between the knobs of the spark micro?1eter, an°~ 
posite current sets in between the metal plate and the ~ica ;_ the ~he 
now returns to the mica, and the - E through the moist disk _to . 
metal. While the + E goes to the metal the iodide. of potass~u~~: 
decomposed, and this effect is not destroyed by the discharge ID 
oppoRite direction. ·ca to 
It is to be remarked. that the pa.ssage of the + E fr_om the nn osite 
the metal takes place gradually, while the discharge m the opp 
direction happens instantaneously. " 'th-E 
The same experiment being repeated in the same manner wi ' 
no image is obtained, but only irregular brown spo_ts. . 't oes 
This also may be easily explained; the negat~ve electnc~s1tf di· 
gradually to the metallic plate, w bile the passage m the 0~~ elec· 
re~t~on is instantaneous; thus, a greater quantity of posit~:dily to 
tnc1ty returns at once to the metal plate, and passes more r 
such points as lie beyond the image surface. 1 to be To obtain an image with negative electricity, care has on Y 
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taken that the quantity of+ E which return n th di lmr, l, n 
the knobs to the metal plate, hall leR , which i tf1,i11 d by hrin "· 
ing the knob of the spark micr meter cl aer to" ·ther. 
SECTION FOURTH. 
ELECTRICAL SPAR!' AND BR II. 
§ 79. Faraday's researclie8 on the padc arul bru h. -\Vithon going 
into the theoretical di qui ition, men ti ned in an th •r pl1t • * which 
Faraday has given upon the park and brush, 1 will pr H nth r 011ly 
the most important facts whicl h hn.s bt1dn •cl in liiR .·p rim utH 
uponthesephenomenaoflight.-( a. A n. ,~·L Iltm<l ~L lfl.) 
In order to compare the re.·i taoce which <liff •r •ut gn s pr· ut, cl 
to the pas1:1age of parks, with th corr p o<ling re istanc of th 
:Faraday used an apparatu , a ketch 
of which is represented in fia . 72. r1,. 7·1• 
Two small knobs, sand S, connected 
with the conductor of an el ctrical 
machine, were placed opp ite t tw 
larger knobs, land L , in c nductino-
connexion with the g r u n l. ' he 
diameter of the balls was a follows : 
Balls .. .. ..... ....... .. 0. 9 fan inch. 
Ball S ... .. . ........... O.~ " 
l3all l ..... . .. .... .. .... 2.02 " 
Dull L .. ... . ........... 1. 9 '' 
( , L_._:_ 
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imi]ar results were obtained when other gases were in the rec · 
d tl 1 . T 1 • • e1ver 110 er 1e atmo p rnnc pressure. ere were two limits for th · 
terval at u, between which the spark: passed at one time at: 10; 
~~other at v; the interval at u being less than the least of these li:. 
1trng number , the spark pa sed al ways at u, but being greater tha 
the greate t of these number it al ways took place at v. The follow~ 
ing table indicat s the limits at u for different gases v having the 
constant value of 0. 62 inch: ' 
Smallest. Greatest. Mean. 
Air, s nod 
. ·--· ---· ·----- -----· 
+ 0.60 0.79 o. 695 
- 0.59 0.68 o. 635 
Oxygen, sand S .••..••••..•...•.. + 0.4l 0.60 o. 505 
-
0. GO 0.52 o. 510 
Nitrogen, s and S ................. + 0.55 0.68 0. 615 
- 0.59 0. 70 o. 645 
Hydroa n, and S .•••••.•••..•.. + (1.30 0.44 o. 370 
- 0.25 0.30 0.275 
Carbonic acid, s and S ..•••....... + 0.56 0.72 0. 640 
- 0.5-1 o. 60 o. 590 
Olefiant gas, sand S ...••..••.••.. + 0. fH 0.86 o. 750 
- 0.69 0.7i o. 730 
Coal gas, sand S ..•••••••••.••••. + 0.37 · o. 61 o. 490 
- 0.47 0.58 0.525 
Muriatic acid gas, s and S .... ..... + 0. 89 L 32 1.105 
- 0.67 0.75 o. 720 
A similar series of experiments gave for-
Smallest. Greatest. Mean. 
Ryd,o~en .... ...... ~ l 0.23 ().57 0. 400 0. 780 Carbonic acid....... sand S + 0. 51 J. 05 o. 965 Olefiant gas .••.•.... u. 66 1. 27 
-
lt a proof that 
which does not coincide very well with the former resu 8? onclu-
these numbers do not afford sufficient grounds for formmg a c 
sion. k t kes place 
That within certain limits of distance at 11, the. spar s~ngle per· 
alternately at u or v, and consequently that there is not aa ·s happens 
manent value of u for each gas, over which t~e spark alr ls particles 
at v, but under al wayR at u, depends upon ac_mdents (sue t 
of dust floating in the air) of which we can give no accoun · nerallY a 
If at one of the intervals a spark once passed there w~s ge 
strong tendency in it to appear at the same interval a_gam. u should 
It is a remar.kable circumstance that the range of dist:nce balls are 
be much less whens and S are negative than when t ese 
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positive. This is exhibited in the following tnl>l , dra \'U fr m h 
former experiment . The range was-
In air •.•••••••••••••• _.. • • • _ ••••••.. ___ •. 
oxygen ...•••• ..•••••.. •••.••..••••.•• _ •. 
nitrogen ............................... . 
hydrogen ............................... . 
Cl\rbonic Reid .••••••••.•••••••••••.•••••. 
olefiantgat1 ............................. . 
coal gRs .••••••••••••••••••••.••••..••••. 
muriA.tic acid gas ....................... .. 
, nil ' 
+ 0. I!) 
0. JI} 
0. I :l 
0. I 
o. Iii 
Cl. i 
o. i, 
0. 4:l 
l insulates a well as a tr !,tun ~ of air, whose thiokn iii 
I 
J 
24 
o. ()!) 
O.ll'l 
"· ll 
o. o;; 
11.ll'l 
0.11 
"· l'l 
o. () 
0.505 
. GI., 
.:170 
.61 
0.7f>O 
0.4!JO 
1.1 or 
trntnm o 
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Hydrogen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. . . .. 0.37 
Carbonic acid .................................................. ,.. 0.64 
Olefiant gas....................................................... 0.75 
while Faraday obtained from a subse<]_uent Merius of experiments sim-
ilarly arranged, the following values: ' 
Hydrogen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. 0.40 
Carbonic acid..................................................... 0.7'8 
Olefiant gas...................................................... 0.96 
Evidently the corresponding values of u, obtained by positive charges 
of s and S, and which should be exactly equal, differ as much from 
each other as the corresponding values for the positive and negative 
charges of sand S; from which it appears that we are justified in assign-
ing no great value to these differences. But there is a further reason 
for ascribing these differences to errors of observation, arising from 
the fact that, when air is in the receiver, and the sparkaccordinglytakes 
place t.hroughair, t-he positive and negative mean values for u are found 
unequal, namely: withs and S positive u == 0.695; withs and~ 
negative u == 0. 635. These differences can be ascribed only to acci-
dental disturbances, which produce the errors of observation; for why 
should the spark, with a positive charge of s and S, pass m~re 
easily through the air at v, and with a negative charge, more easily 
at u, also through the air? Air being in the receiver, and+ ~nd--;-
charges imparted to s and S, the values for u, would be nearly identi-
cal, unless the errors of observation were too considerable .. . . . 
Faraday himself does not consider these experiments d~c1s~ve m th1s 
respect, but brings forward some facts which seem to rnd1cate so_me 
such difference between the positive and the negative disc~ar~e; ~akmg 
u == 0.8 of an inch, and filling the receiver with muriatic acid ga, 
the discharge always took place, with a positive discharge of s autl Sh 
at u, through air, but with a negative charge of sand Sat v, throug 
the muriatic acid gas. 'th 
It also appeared that when the conductor was connected only d\ 
the muriatic acid gas. apparatus the discharge occurred mo:·e. re~ fiy 
with a negative discharge of the small balls than with a posit~vt 0: 
in the latter case much of the electricity passed off as brush disc ar~t 
through the air from the connecting wire; but in the former ca;;/) 
all seemed tc, go through the muriaticacid.-(Pog. Ann., XLVII, · 
§ 80. Unequal striking distance8 ol positive and negati~e. dischrg:; 
Many known phenomena coincide in showing that positive an n mall 
tive discharges do not take place with equal facility. "':hen. a slaced 
ball, connected with the conductor and thus made in~uctive? 18/twice 
opposite a larger one, which is uninsulated, a spark 1s obtarne tively 
as long, the conductor being charged positively, as when nega 
charged. btained 
Faraday has closely investigated this phenomenon, autl 0 
tbe following facts : . diaroe· 
He passed the discharges between two balls of the res~ectivennected 
ters of 2 inches and 0.25 of an inch. The larger ball bewg co 
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ith the conductor, an thus made in uctiv , th r tip ar 
po itive conductor-
71 
Sparks alone up to an interval of.................................. . 9 in . 
Negative bru h, from the small ball al ne, wh n th int r-
val ,vas greater than.................. ............................. 0.62 " 
With a negative conductor-
1.11) 
A 111. 
0. I_ ,, 
l, 
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evidently, tha~ the sm~ll ball di_s~harged in ~he negative state some-. 
wh~~ more easily than m the positive, yet their result is not perfect} 
dee1s1ve. Y 
A cont:rivance, similar to that of fig. 73, was placed inside a glass 
vessel, which could be filled with different gases. With equal inter-
vals at n and o, Faraday obtained quite decided results for ca~bonic 
acid. When the condi:ctor was positive the discharge took place 
mostly at o, when negative always at n ). here, then, the negative dis-
charge was decidedly the more easy, and in coal gas the preponderance 
,,f the negative discharge was just as decided. In air and in oxygen 
the greater facility of the negative discharge appeared somewhat 
doubtful; in nitrogen and in hydrogen there appeared some probability 
of an opposite relation. 
Belli has made experiments, from which it follows that negative 
electricity escapes more easily into air than positive.-(Pog. Ann. 
XXXV, 73.) 
After fastening a quadrant electrometer on a horizontal insulated 
conductor and electrifying it positively, he found, as a mean of three 
experiments, that the electrometer required a period of ten minutes 
to sink from 20° to 10° ; but with negative electricity only 4.5 
minutes were required. 
§ 81. Sparks in different gases.-Tbe phenomena attendant on sparks 
in different gases have been often observed and described. Fa_raday 
has made experiments on this subject also, and describes them m the 
twelfth series of his Experimental Researches.~(Pog. Ann. XLVII, 
536.) 
'l,he gases were under the pressure of the atmosphere; the sparks 
passed between brass balls. . 
'.' In air," says Faraday, "the sparks have that inte~s~ light and 
bluish color which are so well known and often have farnt or dark 
parts in their course, when the quantity of electricity passing is not 
great. 
'' In nitrogen they are very beautiful, having the same. general ar 
pearance as in air, but have decidedly more color, of a blmsh or purp e 
character, and, as I thought, were remarkably sonorou~. d I 
"In oxygen the sparks were whiter than in air or rntrogen, an 
think not so brilliant. l'ttle 
· 1 " " very 1 " In hydrogen they had a very fine cnmson co or -
sound was produced in this gas." kin 
"In carbonic acid gas the color was similar to that of the s~ar u 
air, but with a little green in it. The sparks were remarkably irreg -
lar in form, more so than in common air. Iways 
"In muriatic acid gas the spark was nearly white. !twas a n in 
bright throughout, never presenting those dark spots which happe 
air, nitrogen) and other gases. . red and 
"In coal gas the spark was sometimes green, sometimes t 'also 
occasionally one part was green and another red; black par 8 
occurred very suddenly in the line of the spark." h air-
Sparks may be obtained in media, which are far dense_r t ~n &c. 
as in oil of turpentine, olive oil, resin, glass, spermaceti, wa er, 
....... 
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'' On using a smaller ball, the general brush was smaller and th 
sound, though weaker, more continuous . On resolving the b;ush in/ 
its elementary parts as before these were found to occur at much 
shorter intervals. 
"Employing a wire with a round end, the brush was still smaller 
but, as before, separable into successive discharges. The sound though 
feebler, was higher in pitch, being a distinct musical note." ' 
The sound is in fact due to the recurrence of the noise of each 
separate discharge, and these happening at intervals nearly equal 
under ordinary circumstances, cause a definite note to be head, whos; 
pitch :rises with the increased rapidity and regularity of the discharge. 
"By using wires with finer terminations, smaller brushes were 
obtained, until they could hardly be distinguished as brushes. But 
as long as sound was heard the discharge could be ascertained by the 
eye to be intermitting; and when the sound ceased the light became 
continuous as a glow." 
To those not accustomed to use the eye in the above-described man-
ner, Wheatstone's apparatus with the revolving mirror is recom-
mended. Another excellent process for analyzing the brush is to 
produce it on the end of a rod, held in the hand opposite to the prime 
conductor, and then move the rod rapidly from side to side, whilst the 
eye remains still.-(1428-1423.) 
§ 83. The brush in various gases.-The experiments on the brush in 
various gases Faraday made with brass rods, about one quarter of an 
inch thick, and whose rounded ends were placed opposite each other 
in a glass globe of seven inches diameter, containing the gas. qne 
of these rods was connected with the prime conductor, the other with 
the ground.-(Pog. Ann., XLVII, 553.) . 
· " Air. Fine positive brushes are easily obtained in au, at commo_n 
pressures, possessing the well known purpliRh light. When th~ a~~ 
is rarefied the ramifications are very long, filling the glob~; the hg 
is greatly increased and is of a beautiful purple color, with an occa-
sional roRe tint in it. 
" Oxygen. At common pressures the brush is very close a.nd comd 
pressed, and of a dull whitish color. In rarefied oxygen the form t 
appearance are better; the color somewhat purplish, but all the c ar-
acters very poor compared to those in air." . . far 
"Nitrogen gives brushes with great facility at the posit:ve Surfa1!' ht, 
beyond any other o-as. '' '' They are almost always fine in :form, g 
• i:, • 'fi They surpass 
and color, and m rarefied mtroO'~ are magm cent. 1 d,, the discharges in any other gas a~ to the quantity of light evo v~e·n 
"Hydrogen, at common pressures, gives a better_brush than t:yrare~ 
but does not equal nitrogen ; the color was greemsh gray._ . tness 
fled hydrogen the ramifications were very fine in forrn and <l1st1t t all 
but pale in color, with a soft and velvety appearance, and nib \olor 
equal to those in nitrogen. In the rarest state of the gas e 
was a pale gray green." ,, "They 
'' Coal gas. The brushes were rather difficul~ to produ?~· "In rare 
were short and strong, generally of a greemsh color. d the 
coal gae the brush forms were better, but the light very poor an 
color gray.'' 
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, <e Carbonic acid p~odn?es a. very po?r bru h at comm )n pr ur . ' 
'Ia rarefied carbornc ac1<l the bru h 1a hett r in form but k 
light, being of a dull greenish or purpliRh Jiu .' ' 
1 
" Muriatic acid gaB. It is very diffi ult t bta.in the hru h in thi 
gas at common pressures . On gr dually increasing th <li tn11 of 
the rounded ends the parks sudd nly cca eel "h •n t.h in rvnl w 
about an inch, and the discharge, which WU.Ii tttill throt.wh th , in 
the globe, was silent and dark. Occasionally, fL very Rl1011 l ru h c ,ul,l 
for a few moments, be obtained, but it qui kly di pp ar d. w •1: 
when the intermitting spark current from the m1 chiu w u ·<l " 
brush :Vas obtain.ed with difficulty, and that v ry Rhort ;' ' "in th 
mean time, magmficcnt brushes were pas ing off from cliff rnnt p rt uf 
the machine into the surrounding air. On mr •fying th ,a th fonn -
tion of the brush was facilitated, but it waR yet of a low, <pmt form, 
very poor in light, and very similar on both th po itiv · A.lid lH' '' tiv 
surfaces." "On rarefying the gas still mor a f'i\v lnr '< rn111 ifica-
tions were obtained, of a pttle blui h color, ut •rly unlike tho I in 
nitrogen." -(1456-1462.) 
376 RECENT PROGRESS IN PHYSICS. 
a brush formed on it, extending to the negative ball · and when 
still nearer, the brush ceased and bright sparks passed."' 
As we have alr~ady see~, § 80, the spark d~scharge passes into the 
brush at far less distances if the surface on which the discharge begins 
(the small ball or the rounded end of a rod) is negative, than if it is 
positive; but on going further into the succession qf charges we find 
that the positive brush passes into glow long before the negative. 
"A metal rod 0.3 ?f an inch in ~iameter, with a rounded end pro-
brush. It was ascertarned, both by sight and sound, that the succesisve 
jecting in to the air, was charged negatively and gave a short noisy 
discharges were very rapid in their recurrence, six or seven times more 
numerous than when the rod was charged positively to an equal 
degree.'' 
" When the rod was positive it was easy, by working the machine 
a little quicker, to replace the brush by a glow, but when it was nega-
tive no efforts could produce this change." -(14 68.) 
"A point opposite the negative brush exhibited a star, and, as it was 
approximated, ca.used the size and sound of the brush to diminish, and 
at last to cease, leaving the negative end silent and dark, yet effective 
as to discharge."-(1469.) 
"When the round end of a smaller wire was advanced towards the 
negative brush, it (becoming positive by induction) exhibited the quiet 
glow at eight inches distance, the negative brush continuin~. _W~en 
nearer, the pitch of the sound of the negative brush rose, rnd1cati?g 
quicker intermittances; still nearer the positive end th~ew off ramifi-
cation and distinct brushes, at the same time the negative brush c_on-
tracted in its lateral direction and collected together, giving a peculiar, 
narrow, longish brush, in shape like a hair pencil; the two brushes 
existing at once but were very different in their form and appearance, 
' · d. h es and especially in the more rapid recurrence of the negative isc arg 
than of the positive. On using a smaller positive wire for the sam~ 
experiment the glow first appeared in it and then_ the brush, an,, 
the two at one distance became exceedingly alike rn appearance. 
(1470.) . . . . . . In 
"In air the superiority of the positive brush is well known. th 
nitrogen it is as great or even greater than in air. . In hydro~en i! 
positive brush loses a part of its superiority, not bemg so go~ .a~ed. 
nitrogen or air, whilst the negative brush does not s~em i1°Jue a-
In oxygen the positive brush is compressed and poor, wh1lst t1S ~nfly 
tive did not become les8 ; the two were so alike that the eye fret are 
could not tell one from the other. In coal gas the br~s e:o the 
difficult of production;" "and the positive not much Su~er::id this 
negative, either at common or low pressure. In cr:r~onia 'd as the 
approximation of character also occurred. In mU1:iat~~ aa\4{6) positive brush was very little better than the negative. -( · ·ck 
d d upon a qm § 86. Glow di~charge.-Th_e glow "s~ems to epen. ntact with 
and almost contrnuous cbargmg of the air close to and 1  co s never 
the conductor." -(Faraday's Researches, 1526.) Fara ay/~harges, 
able to separate it into visible intermitting elementary is 
The glow is produced by- etal rod 
1st. Diminution of the charging surface.-At the end of a Ill 
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interval was enlarged, but never joini~g the negative glow, there bein 
always a s~ort dark space between. Th1s sp~ce, o~about one-sixteentho~ 
one-twent10th of an mch was apparently mvanable in its extent d 
its position relative to the negative rod; nor did the negative glow v:n 
Whether the negative ends were inductive or inducteous the same eff:~t 
was produced." 
Similar phenomena were obtained with balls instead of the rounded 
ends of rods. 
§ 88. Convective discharge.-The dielectric being penetrated by the 
spark, the bru h, and also by the glow, Faraday calls this form of 
discharge the disruptive discharge. With the brush, and still more 
with the glow, another form of discharge appears, making itself mani-
fest by the so-called electrical wind. rrhis is owing to the particles of 
the dielectric, in close contact with the charged conductor, ( on the end 
of the electrified rod,) receiving an electrical charge, in consequence of 
which they are repelled; and by a repetition of this action the conduc-
tor is discharged. 
'' Why a point should be so exceedingly favorable to the production 
of currents is evident. It is at the extremity of the point that the 
intensity necessary to charge the air is first acquired; it is from thence 
that the charged particle recedes; and the mechanical force which itim-
preAses on the air to form a current is in every way favored by the shapes 
and po ition of the rod whose point forms the termination." -(1_5!3.) 
Particles of dust floating in the air favor the escape of electricity. 
" On using oil of turpentine as the dielectric) the action and cou,r,se 
of small cornlucting, carrying particles in it, can be well o.bserved: 
" A very striking effect was produced on oil of turyent1.ne1 which, 
whether it was due to the carrying power of the particles m it, _or t~ 
any other action of them, is, perhaps, as yet doubtful. A portion° 
that fluid in a gla8s vessel had a large uninsulated silver. d1s_h at}he 
bottom, and an electrified metal rod, with a round termmatrnn, T 
ping into it at the top. The insulation was very good. rr~e :r e~h~ 
with a drop of gum water attached to it, was then electnfie 1~ kly 
fluid ; the gum water soon spun off in :fine thread~, and was qut 8 dissipated through the oil of turpentine. By the time th~t four_ r~te 
had in this manner been commingled with a pint of the dielectric, ·" 
latter had lost by far the greatest portion of its insulating piwerper 
"the fluid was slightly turbid. Upon being :filtered throug pa be· 
only, it resumed its first clearness, and now insulated as well as 
fore." -(15 71.) . . ·n trate in 
"Conducting fluid terminations, instead of rigid pomts, 1 ~:h their 
a very beautiful manner the formation of the current~, ~~ were 
effects and influence in exalting the conditions under which .e{h or 
commenced. Let the rounded end of a brass rod, q.3 of a_~ t~ a~al· 
thereabouts, in diameter, point downwards in free air;_ let ~d then let 
~amated and have a d.rop of mercury susp~nded from it, a henomenon 
1t be powerfully electnzed, the mercury will present the P ff from the 
of glow). a current of air will rush along the rod and s~t ~ will be 
mercury directly downwards, and the form of the metallic r?ddle and 
slightly affected, the convexity at a small part near the rod t places 
lower part becominO' greater whilst it•diminishes all roun a 
1. 1 0 ' a itt. e removed from this spot." -(1581.) 
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" ·when the phenomena of currents are observed in dense insular 
dielectric
1
s they_ pres~nt us with ex~raordinary degrees of mechan[!1 
force. _'lhus, 1f a pmt of well rect1~ed and ~iltere~ oil of turpentine 
be put mto a glass vessel and two wires be dipped mto it. in different 
place , one leading to the electrical machine and the other to the dis-
charging train, on working the machine, the fluid will be thrown into 
violent motion, whilst, at the same time, it will rise 2, 3, or 4 inches up 
the machine wire, and dart off in jets from it into the air."-(1595.) 
'' A drop of mercury being suspended from an amalgamated brass 
ball pre erved its form almost unchanged in air, but when immersed 
in the oil of turpentine it became very pointed and even particles of 
the metal could be spun out and carried off. The form of the liquid 
metal wa just like that of syrup in air."-(1597.) 
"If the mercury at tbe bottom of the fluid be connected with the 
electrical machine, whilst a rod is held in the hand terminating, ina 
ball three quarters of an inch in diameter, and the ball be dipped into 
the el ctrifieu. fluid, very striking appearances ensue. When the ball 
is raised again o as to be at a level nearly out of the fluid, large por-
tions of the latter will seem to cling to it, (fig. 76.) If it be raised 
J<'ig. 76. Fig. 77. Fig. 78. 
h . · · ·11 t'll onnect it wi
th 
1gher a column of the 011 of turpentrne w1 s 1 c . d · to 
that in the hasin below, (fig. 77.) If the machine be ex~~e ~~80 
more powerful action this will become more bulky, and may en 
be raised higher, assuming th9 form, (fig. 78.) con· 
"A very remarkable effect is produced on t~rnse phenoment, that 
nected with positive and negative charge and discharge, name y,lurnn 
a ball charged positively raises a much higher a_nd l~~ge(F~raday 
of the oil of turpentine than when charged negatively. -
Researches, serirn XIII, 1600.) ub· 
§ 89. Laws of the b1·ightness of the electrical 8fa1:'k·-~:PJ:slque, 
lished in the 14th volume of the Anneles de Ohimie ~t htness of the 
·page 129, (1845, 3d part,) his researches upon the bri~ Electrique.'' 
electrical spark, under the title : " Etudes de Photometrie t and not for 
The ordinary photometre can be used only for pe_rmanen f the elec· 
momentary sources of light; for measuring t?e br~ght_ness Masson wa 
trica1 spurk, which gives only a momentary 11lurmnatwn, 1 
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obliged to contrive a new photometric rinciplc. I 11 f cl h 
the problem in a very ingeniou mann r. 
If a disk be divided into ector na.lly lar e 
and alternately black and white, in fig. 7c , 
and be put into rapid rotation, the diffi r nt 
sectors cannot be distinguished when the di k 
is illuminated by a con tant sourco f light· 
but if it be illuminated by an electrical spark --~ 
3 l 
for an instant the sectors of the rotating di k 
will become visible again, and a much mor 
so as the electrical spark is brigl t r. Dut if 
the illumination by the electrical park bo 
gradually weakened, while that from the con-
stant source of light remain the ame, a point will he u.ttaiuul wh r 
the sectors just cease to be distingui ha.bl , and in this a c th• pen •r 
of the illumination by the electrical spark i o. 1 •t •rr11in11t f'rn ·I.ion 
of the illumination by the constant , urc , it rnngnitud • 11 'tl ·ndin,. 
upon the peculiari~y of the observer's yo. 
We will now consider in what manner this lit it, of th 1,ilit.y t 
distinguish may be asccrta.inecl. 
A part of a sector on n. white di k, (fig. 
80,) being blackened, and the di k turn d 
rapidly about its centre, the bl ck i c will 
f' rm a ring somewhat darker t 11n th wldt 
ground of the disk. The ring wi11 ar p r a 
much fainter as the black pot i nan w r, 
and if the experiment be m de with R ri 18 
f such disks, each successive one havin 
narrower black end-portion of a ct r 1n n, 
we will at last find one in which the <ln,rk 
ring ceases to be distinguishable. 
Let us suppose thi to be the ca. c wh n 
the breadth of the sector is 1 /1 0 f th ntir 
circumference· it is evident that th rightn , R 
than the brirrhtne s of the diRk by I A 11 ; in hiH r. 
distinguish a
0 
difference of t b O in rnnminn. ion. . 
Mas on made his experiment with 1i. ks upon, h1 ·h th hrc 11th. f 
the S t 1 , . 1 J 1 1 1 1 of th l ho) r.ir~ ec ors were 60 , 00 , 76 , 11 , uu, ·oo, 10 1:10, • 
cumforence, and by mean f th •m h f ind _th~ for I·. v. 8 
ifference of illuminati n f 10 to ,10 wa th lirlllt of Jl re· 'I 1l,1hl • 
i or ordinary eyes this limit 
6 
was I t 1 0 ; for v r.' ' cl ) ' 
to i !-o· . . . 
n varying the inteo ity_ of_ t!1 1l1111.m111i 1 n 
th . cmsibility for th am 1~cl1vHln~l dHl ". 
nation was ufficient ~ r r e.chnrr r tnf ry pnn · 
The r tati g plate b •ing ill~tf!li_rmt rl '. itl1 1 r 
fi nd that the limit of pcrc p ,t 1ht of cl1ffi•r n 
p ndent of tho color. 
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We now pass to the particular object of Masson's investi t' 
The arrangement of his experiments was essentially as folloga ~ol 
Fig. 81. 
r?tatin~ disk, a b, fig. 81, (th:sr~ta-
ti.o~ be1~g produced by clock-work,) 
d1v_1ded mto white and black sectors 
a~ m ti g , 79, was illuminated in th~ 
direction of A q by the constant light 
of a lampL, which was movable in the 
line of ~his direction. This lamp· was 
placed m a black case so that it could 
throw its light on the rotating disk 
only throug h a tube. In the direc-
ti~n of the line B O a movable spark 
nncrometre F was placed. One of the 
knobs of this micrometer was in con-
ducting connexion wi.:h the upper 
coating ofa horizontal glass plate, the 
other knob with the lower coating; 
the spark always passed between t~e 
two knobs as soon as the charge of the plate had reached a certam 
limit., which depended upon the distance of the knobs from each other. 
Masson first satisfied himself that., for the instantaneous light of the 
electrical spark, the intensity of the illumination w::is also, as in other 
cases, in the inverse ratio of the i;,q uare of the distance. . 
The lanip L being at a given distance from the disk ab, the spark 
micrometer was gradually removed from the disk, until at the pa~s~ge 
of the spark the sectors of the rotating disk were no longer d:ctrn· 
guishab1e, and the distance of the spark from the disk was determmed. 
'fhe lamp was then moved, and the same experiment rep~a~ed, th8 
distance between the knobs of the spark micrometer remammg u~-
changerl. The following table gives the results of such an expen· 
~ent~tl series; Z denotes the di~tance of the lamp, Y th~ corr~spot 
rng distance of thg spar!r micrometer from the nnddle of the disk a · 
- ·- - --
z. Y. z -Y. 
mm. mm. 
540 407 1.32 
640 489 1.30 
740 569 I.30 
840 648 1.29 
940 737 1.28 
1040 826 1.25 
---
l\1ean. o •••• . . . . . .. . . . . ,, 1.29 
' it 
. Since Zand Y increase in an equal (or very nearl1 equal\ratii~th 
1s evident that, with increasing distances, the illumrnation t{e illu· 
so~rce_s of light decreases according to the same law; hencef al to 
mmat10n by _an electrical spark is likewise inversely propor 100 
the square of the distance. 
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The same result was given by ever l oth r ric of , •p ri 11 11 
which Masson has arranged in table . It will be. uffici 11 1 pr u 
here only one of the many series, serving t eHtabli h ·h of th J 
determined. 
The values of Y, as given in the tables, aro alway th m ·rn f w 1 
experiments. After the distance Y of the spa.rk microm t r from th • 
rotating disk at which the sectors could be n I ng r cli ti1wui h l 
had been o~ce dete~minecl the mic1 ometor wn.a brought ·on i1l rnhly 
nearer the disk agam, and then removell the sec nd time, n11til th· 
sector disappeared. The two values of Y, thus clct rmin cl, cli r <l in 
the various series at most by one centimetre, o. proof of tl1c . ·ac:tn • 
attainable by this method of observation. 
§ HO. Variation of the brightness of the ,Tark al cl{ffl· nt ltikiny 
distances.- On this point .Masson made nuruerons xpcrimcnt . 'l'h • 
following table contains the results of one f them: 
X. Y. y 
----
mm. mni. 
2.5 ::llli 127 
3.5 447 127 
4.5 572 127 
5.5 (i97 JJr, 
6.5 ao 127 
7.5 9:.,7 1.27 
Mean ...... 1:27 
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micro~eter). h as no influence ~pon the brightness of the electrical 
spark 1f the extent of the coatmg remain the same. The size of the 
plate, however, has considerable influence. 
With unchanged distance of the constant light and of the strik' 
dist~nce, and w_ith the same ~hickness of glass, the surface of~~! 
coatrn~ was vaned, ~nd e~ch time ~he corresponding distance of the 
spark_ from the rotatrng disk, at which the sectors _just ceased to be 
perceived, was observed. The results of such a senes of observations 
are given in the following table: 
Surface in square Ratio. Y. y2_ Ratio. 
millimetres. 
- -----
mm. 
22500 .............. 314 98596 . ............. 
40000 I. 77 420 176400 1.78 
60000 2.66 514 :.264196 2.,67 
The first vertical column contains the size of the surface of the coat-
ing, the second is the ratio of the first and second surfaces, and then 
of the first and third. The third column gives the corresponding Y, 
the fourth the square of this distance) and the last the ratio of the 
numbers of the first Y2 to the second, and of the first to the third. 
Comparing the second and :fifth columns we have very plainly 
F 
y2 == n, (1) 
that is, the superficial content F of the coating of. the c_ond~nser is in 
proportion to the square of the distance Y, the 11lummat10n of the 
disk ab by the electrical spark remaining constant. 
But the constant illumination of the disk is 
J == C y2 
J denoting the intensity of the light of the spark, and 0 a conStant 
factor, or 
J 
y2 == c. 
(2) 
Combining equations (1) and (2) we get 
C J== -- F; 
n 
or, the brightness of the electrical spark is proportional to the surface of 
the coating. d tlte 
§ 92. Relation between the intensity of the electrical spar~ ~n g the 
thickness of the condenser.-The surface of the coating remarn~ plate 
same,_the thickness of the glass plate was changed; 3:nd for e:~ to be 
the distance Y was observed at which the sectors Just ceas Tl e fol-
visi?le, the illumination by the lamp rem~ining constant. 1 
lowmg table contains a few of the results obtained. 
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No. Thicknc.-s of 111nr • root of 
plated. I thickn . · V d. 
-- ----------
1 
2 
3 
mm. 
1. 31 
I. 83 
2.51 
1. 1 l 
I. :1.; 
1. 57 
111111, 
1011 
!IOI 
ii;', 
Now, H-¾ = 1.18 and \ 0/l == 1.15, th-;-is, tho two quoti nt nr 
vd" y, 
nearly equal, or -=- = - - · moreover 1 r. 1 - J 27 ancl lP" 1 •3r: V d' Y" ' ' I I t - • ., = .. .,, 
va'" Y' 
or very nearly -==-== - ,· and finally 1 r.1 - J J (,' nricl V d' Y'" ' , I !l ., - • , I • -
va111 Y" 
1.17, or va'' == Y'"' therefore the values of Y arc n Mly in th in-
verse ratio orth~ Rquare roots of tho COrrespondintr thic111lC 8'R of th 
glass ; that 1s 
or 
but we have J == c Y2, hence 
n 
vd = y 
d - ,, 
- y :;, 
or 
d X J = C. P, 
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This opinion is sustained by the fact that the intensity of the s ark 
is very considerably increased if polished brass balls be exchangea fo 
such as have their surface amalgamated, where evidently the trans~ 
ference is greatly facilitated. 
The spark, with the carbon used for Bunsen's battery, is very white 
in the middle, reddish at the edges, and looks a little like a flame. 
§ 94. Nature of electrical light.-There are two hypotheses as to the 
nature of the electrical spark; the first regards it as a motion which 
is communicated to the ether by the electrical spark ; according to the 
second hypothesis, electrical light is produced by incandescent pon-
derab1e matter transported by the electricity. 
Masson inclines to the first hypothesis) with which also his experi-
ments coincide, since the intensity of the spark depends in no respect 
upon the fusibility or oxidibility of the balls, but upon their tenacity. 
If, in consequence. of the lower tenacity of the metals, more particles 
are carried off, the facility of the circuit for conduction is increased; 
hence the same quantity of electricity is discharged in a shorter time, 
whereby a more brilliant light is produced. All of the laws of the 
brightness of electrical light just mentioned are comprised by the 
following formula: 
in which 
J denotes the intensity of the spark ; 
X the striking distance ; 
(1) 
s the surface of the condenser; 
Y the distance of the spark from the rotating disk of the photomet~r i 
e the thickness of the condenser, and H a constant factor dependrng 
upon elements which are not yet determined. 
Substituting in equation (1), X-==.p.!1_, which is allowable, since 
8 
Riess has shown that the striking distance is proportional to the ele~ 
trical density (§ 31), we have 
m q2 
J-==. y2. s2s (2) 
H 2 
by making _1!__ 
e 
h. h ·sad-= m, that is, equal to a constant factor w ic 1 
missible so long as the thickness e of the condenser does not vary. q2 
Hence the intensity of the electrical light is proportional to s2 th0 
square of the electrical density, or which is the same, to the tension 
of the electricity and the surfaces of the condenser. 
Equation (1) may also be written 
J-==y~ XsX 
- e 
Substituting for the last X its value p!L, we get 
8 
J ==p Hx q y 2e • 
(3) 
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or in words, the intensity of the spark ia pr portion l to th 
distance and quantity of electricity. 
or 
According to equation (2), 
m q" J =: ys -8- , 
q2 J == p_ • 
8 
But Riess has shown that, 
W=:Q(f, 
8 
is the quantity of heat which is et free in the ,ire by <Ii 
through it a quantity of electricity q, coll ct cl oo the urfit 
Hence if tlie discharge stroke of an electrical ualt ,I'll product 
7 
at any interruption of the circuit, the inte, ity of lit I light i p,o o,-
tional to the heat which the same di charqe p,.odu 8 in a ,iec1· of ui, c 
forming part of the circuit. 
At the conclusion of his memoir, Ma on prop s th• pt rk " n-
erated under determina.te conditions a th J>h t in tric uuit,, L 
which it will be possible to compare the inten, ity of tho mosL div r c 
constant sources of light with a comm n f u.ndo.r • 
SECTION FIFTH. 
ELECTRIC.AL O Oll. 
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Schonbejn has the great credit of having restored this question t 
the current of scientific activity. He has shown that the electrical od 0 
COI1;1es from a peculiar gas, pr~duced_ during the electrical emissio~: 
wh1ch he calls ozone. He has mvest1gated the properties of this sub-
stance for years with the greatest zeal, and although, as yet it has 
not been obtained in an isolated state, many of its important chemical 
and physical relations have been ascertained, and further researches 
on the subject promise most interesting discoveries in the field of 
chemistry. 
The first memoir of Scbonbein on ozone is in the "Denkschriften 
der Muncheuer Akademie." It is also printed in Poggendorf's Anna-
ltn. Bd. L. p. 616. 
A small pamphlet with the title, " On the production of ozone in the 
chemical way," evidently by Schonbein, was published in 1844 by 
Schonbein & Schweighaii, er, in Basel. 
The most important treatises on this subject which then followed 
are to he found in Poggendorfs Annalen, by reference to the index of 
names, appended to the LXXV volume. 
In these papers the historical course of Schon bein's discoveries may 
be followed out. I will omit this historical investigation on account 
of its great extent, and I will not refer to the contents of the separate 
papers, but describe the most essential experiments which show ~he 
nature and· most important relations of ozone, in the order in which 
Professor Schon bein had the goodness to show them to me in the year 
1849, and, passing over their earlier phases, present his views upon 
its nature as now held, after many years investigation. 
The prime conductor of an electrical machine being provided _at t~e 
Fig. 82 . end with a round-pointed wire, a, b, about 1 lme m 
diameter, (fig. 82.) When the machine_ is turn_e~ ~he 
peculiar electrical odor will be perceived m the vicimty 
of the end a of the wire. . 
That this odor is not to be ascribed to a mere subJeC· 
tive affection of the organ d smell, but is owing to a 
peculiar gas, is certain from the fact that this odor.on! 
principle produces a series of chemical and phys~c\ 
effects, having the greatest similarity to the chemic~ 
reactions and physical relations of other gases. In.de~ ' 
· h. a us pnn-11 Schon bein has succeeded in preparrng t 1s o oro . 
U ciple, ozone, in a purely chemical way, and in p~oduc{°! 
the same reactions with it which are observed w en e e 
tricity is issuing from points. · h a 
If we hold before the point, at the distance of about i or 1 w~ ~ 
piece of paper covered with a paste of starch and iodide of potassrn ' 
the paste will at once turn blue. . small 
To make this preparation two teaspoons full of starch w1th \h ten 
crystal of iodide of potassium are to be boiled to a paSte, wi 
times their volume of water. . es the 
. The ozone acts upon this paste as chlorine does; it decornpislue 
10dide of potassium, and the iodine set free, colors the starch · 
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o~es mar no_t always be ~t hand, it will do to use a thin platinum 
wire havmg its end fused mto a small knob about one line in diamete 1, 
§ 96. Electrical odor in the electrolysis of water.-The electrical 
odor appears not only on the escape of electricity from points but 
also in the electrolytic decomposition of water, where we find it ac-
companied by the same reaction and effects which were considered in 
the preceding paragraph. 
On closer inve tigation it appears that electrical odor manifests 
itself at the positive pole, where oxygen is given off; for on collecting 
the g~ses res:ulting from ~he deco~position of wate_r separately, the 
odor m quest10n was perceived only rn that vessel which contained the 
oxygen, no trace of it being found in the one containing the hydrogen. 
'l'he gases when obtained together have the electrical odor. 
On suspending a paper covered with the paste of iodide of potas-
sium in oxygen, or in the mixed gases to which tbe ozone odor has 
been imparted by electrolysis, the paper turns blue. A platinum 
plate exposed for a time to the action of this, gas indicates the same 
electro-negative polarization as though it had been acted on by the 
electrical brush. 
Chemically pure oxygen gas produces none of these effects; it has 
not the odor, does not turn the iodide paste blue, and is not in the 
condition to polarize a platinum plate negatively. . 
rrhe gas obtained by electrolytic decomposition produces, m all 
these cases, the same effects as the air which issues from a strongly 
electrified point. . 
§ 97. Production of ozone in the" chemical way.-The so-called elect~1-
cal odor can be produced by purely chemical means without any ~id 
from electricity. A piece of phosphorus made perfectly dr! by blottmg 
paper, so that it has a clean surface, emits a peculiar alhaceous odor. 
Placing such a piece of phosphorus in a jar of air, the vapor ~f phos· 
phorus will in the cold soon diffuse itself through the wh?le J~r. .fi 
platinum plate being then suspended in the jar a short time it wi 
Le polarized positively. 
The polarization of the platinum plate is to be ascribed to t?e phos· 
pboric vapor diffused in the jar, but the odor ver:y prob~bl~ 18 df~~~ 
the phosphoric acid, which is formed by the partial oxidation° 
phosphorus vapor. ,ill 
If a little water be now introduced into the jar, (as much a~o:es 
half cover the piece of phosphorus,) the phosphoric od~r ?e lace 
wealrnr and weaker, and at length wholly disappear~, and m its fures 
a decided ozone odor will be perceived. At rather high tempera 
the ozone smell appears very soon. · the 
This odor is not to be distinguished from that P:oducedd 1:ffects 
electrical way, and it is accompanied by all the reactions a~ "th the 
which characterize the agency of the electrical odor .. A pap~r wi and 3 
iodi~e paste on it become_s blu~ w~en sus:pended m the Jaf~el . 
platmum plate exposed to its action is polarized electro-neg~t ~n be 
With the ozone obtained in the chemical way Jhe rea?tiones;itting 
produced almost exactly in the same form as with a :pomt 1 uarts electricity. For this purpose a bottle of the capacity of severa q 
RECENT PROGRESS IN RY IC • 
392 RECENT PROGRESS IN PHYSICS. 
and form ozone; in like manner phosphorus effects the combination f 
the ':a~or of water with oxygen, but, as yet, we are not able to te~l 
how 1t 1s done. 
Ozone is decomposed into its components, oxygen an.d hydrogen by 
heat, as shown by the experiment noticed arove. ' 
De la Rive and Ber_zelius, indeed, regarded ozone as modified 
?xygen, and maintained_ th_at it could be produced by a? electrical jet 
m dry oxygen, but this 1s contrary to all Schonbem's analogies, 
Schonbein presented the following experiment as the most striking 
proof of the presence of hydrogen in ozone: if' air containing ozone 
be dried as perfectly as possible and then heated, it yields water on 
cooling to hydroscopic bodies over which it is passed. The ozone is 
decomposed by heat, and the vapor of water which it contained is set 
free. 
Ozone is one of the most powerful means of producing oxidation 
which is known. Air containing ozone being passed for a long time 
over finely divided metallic silver, the latter is converted into peroxide 
of silver. The vapor of phosphorus is rapidly oxidized under the in-
fluence of ozone, and converted into phosphorous acid and phosphoric 
acid. · 
The fact that the passage of the electrical spark through moist atmo-
spheric air forms nitric acid was discovered by Cavendish, in the year 
1785. Schonbein has proved that under like circumstances ozone also 
is al ways formed. 
Since ozone can be produced in moist oxygen by the help of the elec-
tric spark, it is evident that the formation of ozone is indep~ndent of 
that of nitric acid. On the contrary, Schonbein has mad~ it appear 
highly probable that the formation of nitric acid is not a d1rec~ ~~ect 
of electricity, but a secondary effect produced by the oxidizmg 
influence of ozone on the nitrogen of the atmosphere. . 
The formation of nitric acid by electricity may be shown 1~ the 
simplest manner, by exposing, for a time, a paper moiste~ed with a 
solution of carbonate of potash to a 1· et of electricity escapmg from a 
· d · rt wire; the carbonate, under these circumstances, is r.onverte m pa 
into nitrate of potash. . · id 
The ozone formed by means of phosphorus also produc_es mtnc a? · 
The mixture of phosphorous and phosphoric acids, wl11ch forID:s 1~ a 
receiver containing a piece of phosphorus, water, and at~osphe_ni_au, 
is absorbed by water. If this water be colored by a solut10n of m_ igo, 
the color of the latter is immediately destroyed, an effect which nt~e; 
phosphorous nor phosphoric acid alone can produce. The dee~ or~e 
is effected by a small quantity of nitric acid, which, formed un er 
influence of the ozone, is also dissolved in the water. . . d by 
q1hat it is actually nitric acid which is here in quest10n 1s pr?ve .re 
shaking the water with milk of lime ; insoluble sal~s of ~nnet 8 of 
formed with the phosphorous and phosphoric acids, while a mtra e 
lime remains in solution. . · ole 
Davy observed that traces of nitric acid appeared at the P.08:tive ~ or 
o~ a pile when a voltaic current passed through wat~r contarnrng affect 
nitrogen. Here, also, the formation of nitric acid 1s a secondary e 
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of electricity. Ozone is first formed by the ction of th 
the ozone then oxidizes the nitrogen. 
§ 99. Illumination of plwsphorus produced by ozone.-It i w ·ll known 
that a~ lo~ temperatures, slow com~m tiot1 f pho ph ru de , no t, 
place rn air free from ozone, and tnere i th r for no illumin Lion in 
the dark; this, however, appear a oon zone ii; br u1rht int c n-
tact with the phosphorus. In a rec iv r conta.ininc.,. or.onii •,l air 
phosphorus shines at a very low temperature. 
0 
Schonbein has shown this very beautifully by pr . nting 11. Rtick f 
phosphorus, at a low temperature, to a,n electrical brn h, , hich, in 
accordance with the above, determine the f rmntion of w11 . 'rhc 
manner in which the experiment was made is as ollo, a: (l'ocr. un., 
lxviii, 38.) 
A piece of phosphorus an inch long, hu.ving a cl r Fmrfac , , ii 
placed on a board in conducting c nnexion with tl1 rf,h, und the 
free end of a wire, connected with the conductor of' an ·I •ctrict~l nm ·hi11 , 
brought within a few lines of the pho pl ruH. At a t rnp rnwr of 
-2° the phosphorus by itself did not shin in the cl rk; 1,ut, lt ·n th 
machine was put in motion, so that au 1 ctri ·al brutili pl11.y<,1l 1 ,,d11 
the piece of phosphorus, ·a light flu. eat nc i 1-111 ·d frc 111 it , hol 
length, and, like the tail of a comet, xtencl d for b yond h • pic•c; f 
phosphorus. If the machine be stopped tho illumimLtiou f' h plu_, -
phorus ceases in a few seconds. 
Schonbein obtained a very beautiful illurniua. i n hy th fullowi ng 
arrangement: A copper wire wa c il' ar und u. H ic f phn plwru 
an inch long, so that the end oft.he wire xtenclo c u_t n. I i11 b •yuud 
the phosphorus, as shown in ficr. 5. 'l1h 1·1i· · 
other end of the wire is connect d with th 
conductor of an electrical machine. At a 
temperature below o0 the ph ph ru <li1l 
not shine at all in the greate t ukn ; 
but in turning the electrical machiu , ' that a Ht,ro~g hl'll h n1_1p I r I 
at the end of the coil a luminou c ne pr tr 1d cl fr m h • n 1d,ll of 
the brush, which attained a length vn.l'yintr fr mu, h _in h It o~n 1 
feet, according to circumstance . r h le ng: t II obtiu n I hy 1 ·h 111-
bein was 2½ feet. With p werful rn chm Ii uch ·01H Ii 11ld h 
obtained of still greater length. . . . . 
It may be as urned without h 1tat1 n t~1n.t h1 1 urnrn 
nothing else than the vapor f pl~ ph rm1 in ~low m hu 
The luminous train vanishes with the 1 ctrnml bru h. 
GALVANISM. 
[Continued from page 423 of the Report of 1855.] 
SECTION FOURTH. 
GALVANIC PHENOMENA OF LIGHT AND HEAT. 
§ 54. Production of heat by the galvanic current-The laws of the 
development of heat produced by the galvanic current in metallic 
wires, have been investigated by Joule, (Phil. Magazine, Oct., 1841,) 
and by Lenz, (P. A. LIX, pp. 203 & 407, LXI, p. 18.) 
The memoir of Joule not being within my reach, I shall only report 
on the researches of Lenz, and this will be sufficient, since the results 
of the Russian and of the English physicist agreee. 
The first two sections of the memoir of Lenz, in vol. LIX of Pog. 
Ann., contain only introductory matter, to which we shall but briefly 
refer. 
To measure the strength of the current Lenz made use of a Nerv-
ander's tangent compass, which wtts most carefully constructed and 
tested. He found by accurate experiments that up to 40° the strengths 
of the currents are proportional to the tangents of the angles of de-
flection. 
Lenz also compared his tangent compass with the deco~position of 
water. It results, from his numerous and accurate expenm~nt~, that 
the tangent of the observed angle of deflection is to be D?ultiphet by 
39.3 in order to obtain the reduced quantity of detonatmg gas rom 
the same current per minute, expressed in cubic-centi!11etr~s. Len! 
takes for his unit a current which causes a deflection m his tan~an 
compass of 1°, and this produces 0.686 c. c. of the m~xed gases lll ~ 
minute. Since our unit of current is that which gives 1 c. c. P~t 
minute, it is evident that Lenz's values of strength of currenJ ff:s 
be multiplied by 0.686 to reduce them to our unit. In what of ~ur· 
I shall always make use of the reduced values for the strength 0 
rent, instead of those of Lenz. · d of 
A.s the unit of resistance Lenz takes the resistance of 0?e wt his 
his rheostat (agometre) of German silver, which, acc0rdm\ ~lish 
statement, is equal to the resistanee of a copper wire of 6.35~ . n pears 
feet in length, and 0.0336 English inch in diameter. Hence, it aiues of 
that this unit of resistance is equal to 2.66 of our own; the v\0 our Le~z must therefore be multiplied by 2.66 to reduce them 
umt. 
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15 degrees, an~ also t_he instant when it was 16, 17_, 18, &c., to 22 degrees. fo this way 1t was found that the time required to raise th 
temperature of the spirit of wine from- e 
15 to 17 viz : 2° was 1. 05 minutes. 
14 " 18 " 4 " 2.22 " 
13 " 19 " 6 " 3.25 " 
12 " 20 " 8 " 4.30 " 
11 " 21 " 10 " 5.42 " 
10 " 22 ,, 12 " 6.53 " 
and hence it follows that the time t, necessary to raise the tempera-
ture of the spirit of wine 1 °, was on an average 0.542 minutes. 
The resistance to conduction of the spiral wire was ascertained by 
observing, (after the removal of the apparatus of fig. 47 from the 
circuit,) how many turns of the rheostat had to be inserted, in order 
to bring the current again to the same strength that it had with the 
heating apparatus in the circuit. 
The following table contains the results of a great number of such 
experimen tti: 
1. 
2. 
3. 
4. 
5 . 
6 . 
7 • 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
Kind of wire. 
German silver, a. _________ . 
·-··--··do·-·············· 
·-··-·-·do ... ·-········-·· 
German silver, b·-··-·-···· 
..... _ .. do ....... ·--······ 
....• _ .. do .. -----·····-··· 
........ do ....... ·-···-··· 
German silver, C- •••••••••• 
Platinum .•••• _ ••••••••• _. 
, . . do.-·-················ 
Iron •.••• _ •.••••• _ •• _ •••. 
Copper .••••.••••••••••••. 
.... do ................... . 
.... do .•............... _ .. 
.... do ................ ___ _ 
·-·-do .... - .............. . 
s. 
6.93 
10.53 
14. 30 
10.53 
14.30 
18.32 
14.30 
18.32 
14. 30 
18. 32 
22,69 
18.32 
22. 69 
27,52 
32,98 
27.52 
t. 
l. 34-9 
0. 571 
0. 300 
0,920 
0.481 
0.288 
0,4-57 
0.384 
0.555 
0. 3:25 
0,435 
1. 301 
0.835 
0,575 
0.381 
O.M4 
l. 
93. 50 
93.63 
93.94 
58.76 
58,64 
59.01 
60. 16 
44.59 
50.45 
51. 41 
24. 92 
13.90 
13.90 
13. 92 
14,01 
14.31 
. . . d . the experiments; Three different w1res of German silver were use . rn . . 1 than a that designated by a was the thinnest ; b was a little tluc rer 
and c a little thicker than b. · tance to 
In this table s denotes the force of the current; l _the re;is neces· 
conduction of the wire, expressed in units; and t is the 1~:e value 
sary to raise the temperature of the spirit of wine 1 ~ · How already 
oft was determined ea.ch time from a series of experiments has 
been stated above. . 8 nearly The quantity of spirit of wine poured into the Jar was alway 
the same, or 90 grammes on an average. . . th force of 
If we compare all those series of experiments m whwh e 
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the current was the same, it appears tlrn.t the rc,cluct 0 
mains pretty nearly constant. It is-
For the current 10.53: 
(2.) German silver, a ........................... t l ==: ,> • • G 
(4.) German silver, b ........................... t' t == r 1. 
For the current 14.30: 
(3.) German silver, a ..... .......... .......... .. 
(5 .) German silver, b ...... .................... . 
(7.) German silver, b .......................... . 
(9.) Platinum ...................... ............. . 
For the current 18.32: 
(6.) German silver, b .................. ......... t l = rn.nn 
(8.) German silver, c ........................... t l == 17.12 
(10.) Platinum .................................... fl= J(i.71 
(12.) Copper ........................................ t l = 1 .0 
For the current 22.69: 
(11.) Iron ........................................... t l - 10. 1 
(13.) Copper ........................................ t l _ 1 UiO 
97 
. r -
The equality of the values of t l for one nnd th Hf rnc curr •11t i o 
apparent that we may safely as uroe thnt the time of It utiu i in-
versely proportional to the resistance to c n<lucti n, or in oth r, ord , 
that the heat produced in a given tjm j dir \ctly prop rf iounl to tlu. 
re8istance to cond c: ction, and independent upon oth r prop rti of' th • 
metal. 
In order to find out how tho production of 1 t cl ponds on th fl r 
of the current, we must compare the xp rim ot~ tlrnt, •r • m ,1 · , ith 
the same wire, and with different current, ; from th a it iipp 1nr tlu t 
the value of s 2 t is nearly' constant for the s me wire. '1.1h r' ul 
as follows: 
For the German silver wiro a: 
1 . ......... .......... .. . ... ...... ...... ......... 2 / = (j 1. 
2 . ... ...... ....... ... ... . .. ... ............... ... ll { = ,;::.:J 
3 • • • • • I • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • o • ' • • • • • • • • 8 2 t = (j 1 • :, 
For the German silver wire b: 
4 ................................ ............... 2 / = 102. 
5 ................... ·········· ...... . ........... 8 2 l = !I . 
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . j 2 t = ! (j. 7 
7 ............................................... 8 21 = ! u .. 
For the platinum wire: 
9 ................................................ 82/ = ]1! .. 
10 ................................................ B' l = 1 .1 
For the copper wire: 
12 ................................................ , , = 
13 ................................................ B' l = 12 . 
14 ................................................ :1. _ •- ; ·2 
15 ................................................ f- · 
'I f= 
By tb~ e ~-~p~~i·~;~t·:·th·~~~f~;~:·it0 i~·~j:;~·· .. rn -! th 
l. The prod'ltcfion of heat is pro ortional lo ti, rut ta1 
to conduction. 
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2. The production of heat is proportional to the squares of the for 
of the currents. cea 
lf, therefore, t denotes the time which is required for the current 
with the resistance to conduction l, to raise the temperature of a give 8 
quantity of spirit of wine 1 ° R. then s 2 t l will be the time necessaryt~ 
produc.e the same amount of heat i~ the same. quantity of spirit, by 
the umt of the strength of current with the umt of resistance to con-
duction. Since now in all the experiments the quantity of spirit of 
wine was nearly the same, the product s 2 t l must also be nearly the 
same for all of the series in the above table. The product s2 t l has 
the following values for the different series of experiments: 
Series. s2 tl. 
1 .............................................................. 6059 
2 .............................................................. 5927 
3 .............................................................. 5758 
4 .............................................................. 5994 
5 ...... ······ .................. ············ ..................... 5770 
6 ............................................................... 5706 
7 .................................... ., ........................ 5625 
8 .............................................................. 5747 
~ .............................................................. 5726 
10 .............................................................. 5609 
11 .............................................................. 5975 
12 .............................................................. 6069 
13 .............................. , ............................... 5976 
14 .............................................................. 6062 
15 .............................................. . ··············· 5803 
16 .............................................................. 5896 
l\.fean ................................................ 5856 
The q nantity of spirit heated in these experiments together 'Yi~t 
that of the glass, reduced by the relation of the specific heats to spm' 
was 118 grammes. . 
The unit of the force of current produces, therefore, when p_asslD~ 
through a wire which offers the unit of resistance to conductrr°1f8 much heat as would be required to raise the temperature 0 
grammes of spirit of wine 1 ° R. in 5856 minutes. . . 0 7. The specific heat of the spirit used in the above expen!11~nts ~s i~e~ 
to raise, therefore, the temperature of 118 grammes ?f spmt
0
\0 _g82 ,6 degree requires the same quantity of heat as to raise 118- f-;.ater, 
grammes of water to the same degree. For 1 gramme 0 
therefore, that time amounts to: 
5856 . 
8~.o = 70.9 mmutes; 8 
or if instead of Reaumer' s scale that of Celsius is employed, 7ot9p~s~~8 
= 56.72 minutes,* i.e., when the unit of the force of curr;n copper 
through a wire, the resistance of which is equal to that ;t \f heat 
wire of 1 meter in length and 1mm in diameter, the quan 1 Y f water 
produced is such as would raise the temperature of 1 gramme 0 
1 ° C. in 56¾ minutes. ----
.. . LXI 42,) occa.• 
. "'In the memoir of Lenz, an error occurs in this calculation, (P 0 4';· Ann., ' 
s10ned probably by mistaking minutes for seconds. 
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• 0 Report of 1 56, p. 437. 
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unit o~ resistance, the u~it of current pro~uces 0.0000176 units of heat 
per mrnut.e; but the resistance to conduct10n of such a platinum · 
as can easily be calculated, is equal to 6_ and consequently by thew~~~t 
of current? 0._0000176 _X 6 == 0. 0001 umts of h~at would have been 
produced m it. The rncrease of temperature m the platinum wire 
from the discharge of the jar for ~
2 
== 1, viz: 0. 000000768 is there. 
fore nearly -rh of that produced by the unit of force of the current 
during one minute in the same wire. Whens== l, i.e. when the 
electricity is accumulated in one of the jars (mentioned in the experi-
ment above quoted,) q must also be equal to 1. Fors== 1 and q == 10 
i. e. when the jar is charged with 10 sparks from the measuring ja; 
under the circumstances formerly explained, then its discharge must 
produce in a metallic wire an increase of heat nearly equal to that 
produced by the unit of current during one minute in the same wire. 
But to charge the jar with q = 10, the machine will scarcely require 
to be turned for oue minute, and therefore the inference might be 
drawn from a superficial investigation of the production of heat, that 
turning the machine for one minute would produce a quantity of elec-
tricity equal to the chemical unit of the galvanic current. 
But that snch a comparison, or rather such a conclusion from the 
comparison can not at all be admitted, is evident from the fa?t., that 
by meani, of the electrical machine no perceptible decompos_1t10n of 
water can be obtained, while one cubic centimetre of detonatmg gas 
ought to be readily evolved per minute. . 
But a more careful investigation soon shows that the d1scharge of 
the jar and the galvanic current act under entirely different and not 
comparable conditions, in producing heat in the wire. 
The same charge of the jar when passing more slowly thro~gh a 
wire produces le8s heat in it, a~d 'the increase of temperature becomes 
imperceptible as soon as the time of discharge reache~ a measur~ble 
duration; if, therefore, the quantity of electricity, obta~ned by turnibg 
the machine for one minute, when accumulated in the 1ar producesd. Y 
' . 't 18 its discharge perceptible heat, the same quantity o~ electnci 1 · 
charged through the wire in a continuous current durrng one rmutf 
will not perceptibly raise the temperature of the wire. But on Y SUC 
a current can be compared with the galvanic. In ord~r to co_mpa;~ 
the electricity of the machine with that of the battery m relatl~\ is 
quantity' we should be able to measure the quant~ty of heat w·/r om 
produced in a metallic wire by the electricity passmg t~rough 1 
0
/ an 
the conductor of the machine. · The instantaneoris discharged ith 
accumulated quantity of electricity cannot directly be co!11par! din 
a continuous current. That the process by which heat is evot vf the 
the discharge of the Leyden jar is entirely different fr?m t~a £°rmer 
galvanic current, is also evident from the fact, that with t e . 0 con· 
not only the quantity of electricity discharged _thro_ugh the~e~~ously 
cerned, but also the area of surface upon which it ~as P f the 
~istributed; thus, in the production of beat by the discharge O pear 
Jar, factors come into question which with the current.do :ot a;sfar 
at all. The galvanic current and the discharge of the Jar _av~, corn· 
as regards the production of beat in metallic wires only this in 
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p n a l, mnl t" o hrn 
tw er •w I mp • p1 hi 
!'lit: , .J'l , 
Fig. 48. 
b 
2 s 
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In one of the clamps a, the connecting wire from one pole of the 
battery was screwed and in the other that leading to the tangent. 
compass. Between the clamps b, the experimental wires were ex-
tended and this was always done before closing the battery. The con-
necting wires between S, H, B, Q and S, were copper wires about ¾ 
line in diameter, and of a total length not exceeding 5 m1:tres 60 
that their resistance was not considerable. ' 
After the wire to be experimented upon was properly inserted at H 
and all the other connexions properly made, the circuit was closed at 
Q; and, after the com pa s needle had come to rest, its deflection was 
o~served and at the same time the appearance of the ignition in the 
wire. 
The course of the experiments will become evident from the follow-
ing table which contain the results of the observations. 
'fhe first three sets of experiments were made with platinum wire 
of 0.45 millimetres in diameter. 
FIRS r SERIES. 
Battery of 40 carbon-zinc cups. 
Length of Deflection of com- Appearance of ignition. 
wirc. pai:;s needle. 
Netrea. 
1. 5 
1. 3 
1. 1 
1.0 
0.8 
0.5 
0.6 
0.5 
0.4 
0.3 
o. 1 
0.3 
0.3 
0.2 
0. 1 
0 
45 
46 
47 
48 
50 
56 
Feeble, only in some spots. 
Feeble throu~hout the wh0le length. 
Red hot. 
Bright red. 
Nearly white hot. 
SECOND SERIES. 
Battery of 24 carbon-zinc cups. 
44: 
45 
46 
48 
61 
Feeblr, only in some spots. 
SomewhA.t increased . th 
Red hot throughout the whole Ieng · 
Bright red. 
THIRD SERIES. 
Battery of 12 carbon-zinc cups. 
46 
47 
48 
50 
th whole length. Feeble, nearly throughout e 
Still feeble throughout. 
Red bot. 
Bright red. 
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Two series of experim nt with an iron wirn f 
diameter gave the following re ult : 
FOUR'l'Il ·gc rn ·. 
Battery of 24 carbon-zinc cups. 
Length of Deflection of com- App ·arunc of I •11ition. 
wire. pass needle. 
Met.res. 
1 
0. 8 
0. 6 
0.4 
0.3 
32 
33 
34 
35 
Jn OJlH' pin<: 'K. 
Nc1t qnitc throughout t.h, Pntir I u •lh . 
R •d hot. 
Bright reel. 
felted. 
:FIFTH ,J•,Rrns. 
Battery of 12 carbon-zi,ic cup.9. 
0.5 
0.4 
0. 2 
0. 1 
32 
33 
35 
In ~om • pin<' • • 
Homcwhat i11cr .a '(•cl. 
lntco11 •ly r d hot. 
{ •lt •d. 
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Ca elmann used a wire-holder similar to that represented in fig 49 
By 1? ervino-. attent~v ly a. wire. ~e~d b~ it while it is red hot, w~ 
P.crce1ve that m the. 1mmed1~te v1crn1ty of the cl.amps its glow is con-
siderably le ~ tb~n m the middle. If now the wire ?e so far shorlened 
that the cooh.og influence of the .clamp extends to its niddle it seems 
ea y to exp lam how, by hort mng the length of the wire the phe. 
nom ena of io-nition finally disappear. This is also seen' from the 
following ob ervation: 
A platinum wire 0.21 metre in diameter was inserted in the circuit 
of a ingle carbon-zinc cup. With a length of 3 centimetres it be-
came feebly red hot, while the tangent compass indicated 26°; but 
when the ame wire was hortened to 1 centimetre no ignition was 
produced, ev n with a current of 34°. 
When, instead of the single element, two Bunsen's cups were used, 
the appearances of ignition were entirely identical with the lengths 
of both 3 and 1 centimetr , though the corresponding deflection in 
the former case was 34°, and in the latter (the shorter wire) 44°. 
§ 57. Relation between the diameter and force of current in metallic 
wires ignited by the galvanic ciwrent.-The above experiments_ do not 
illu trate the relation between the force of current and the diameter 
of the wires, as corresponding to a certain degree of igniti?n, because 
only the length, but not the diameter of the wire, was v~ned. 
The following table gives the results of a set of expenme_nts made 
with vlatinum wires of 1 decimetre in length and vanable diameters: 
i;;; 
;::t>ii 
A i .. s::l :::5 ~ s <:.).., 
.. ~ Degree of ignition. A~ .... 0~ D 2 .s 0~ 
~ ~ ~ II s ~ <:.) 
~ c;:l 
~"' i:i ~ A ~ 
---
-
mm. 0 
0.3 Feeble .•••••••••••.••..•.•. 34 47.]8 163.9 
Red hot .••••.••..•••••.•... 36 50.Bi ]69.4 
Bright red .. .••••.•••••.••.. 38 54.67 ]i32.2 
Very bright red ..••••.•••• - . 42 63.00 210. 0 
0.39 Feeble ..••••.•••••.•••.•••. 43 65.24 ]63,7 
Red hot .....••••.••••.. ---- 46 7'2.45 ] t!5. 5 
Bright red ...••••.•••••.••.. 48 77.77 ]99.5 
0.45-lf Feeble ..••••.•••••.•...•. .. 47 75. 06 Jfi6.6 
Red hot . ••••.•••••.....• . . . 48 77.77 ]72.2 
Bright red .• • • • ..•• •• . .••••. 50.3 84.42 ] t:7. 6 230. 3 Nearly white hot •••••.•••••. 56 103.74 ]61. 7 0.75 Red hot .••••..•..•••••.•••. 60 121.24 
Bright red .•••..•••••..••••. 66 IG7.22 209. 3 
. h .c er series, (on The expenments marked * are taken from t e iorm 
page 420.) · order t!J 
l!'rom this series of experiments we may assume that, int increOJie 
produce the same degree oJ ignition, the force of cu:rent m~~ law for 
proport·ionally to the diameter of the wires. Accordmg to t 18 ' 
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With the diameter. 
0.3 163.9 
0.39 163. 7 
0.45 166. 
Mean ......... 1 4.7 
For ied heat-
0 .3 169.4 
0.39 1 5.5 
0.45 17 ... 2 
0. 75 161. 7 
Mean ......... 172.2 
For bright red heat-
0.3 
0.39 
0.45 
0.75 
1 2.2 
199. 
J 7.G 
2 9.3 
Mean ......... 194.6 
Devi tion from th u1 11. 
]. 
+ 1.9 
- 12.4 
+ 4.H 
- 7.0 
+ 14.7 
For very bright red, nearly whit 1t at-
0.3 21 . -1 
0.45 2· . + l 
Mean ......... 22 . 
iameter. Degree of ignition, I •fie (ion. • 
0.2 
" 
0.255 2 
" 
.38 
,, 
. 7~ 
,, 
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The quotient i is therefore: 
For feeble ignition-
With the diameter. 
0.2 
0.255 
0. 8 
0.75 
Deviation from the mean. 
120.4 1.1 
122.1 + 0.6 
124. l + 2.6 
119.4 2.1 
Mean ......... 121.5 
For red heat-
0.2 
0.255 
0.38 
0.75 
127.0 
127.9 
146.1 
138.3 
Mean ......... 134.8 
- 7.8 
- 6.9 
+ 11.3 
+ 3.5 
This series therefore confirms the results we obtained from the ex-
periments with the platinum wire. 
With copper wire the following results were obtained: 
Diameter. Degree of ignition. 
D. 
0.2 Feeble. 
" Red. 
0.255 Red. 
With silver wire: 
0.2 Red.* 
0.255 Feeble. 
s 
Deflection. Force of current. D. 
v. 
48° 
52 
59 
51 
57 
s == 70. tang. v. 
77. 77 388.8 
89.60 448,0 
116.48 418.3 
86.45 
107.80 
432.2 
422.7 
§ 58. Comparison of the laws of galvanic ignition with those of Lenz 
for the develt'Jpment of heat.-According to the laws of Lenz, ~he qu~n-
tity of heat liberated in a metallic wire increases proportionally to 
the square of the force of the current, and to the resistance to tn· 
d_ucti~n ?f the wire. But with equal leugth the resistan_ce to con 1r· 
hon 1s rnversely proportional to the square of the diameter.~ ' 
therefore-all the other conditions remaining unchanged-the re~ 
of current increases as the diameter of the wire, the quantity of iea 
developed muRt remain the same. · er 
But if in a thicker wire just as much heat iR evolved as in a t~lll~he 
one, we should certainly expect that the former would no~ at!alll ts 
same degree of ignition as the latter, because the thicker wire 1~pa:n 
more heat to the surrounding air; therefore, in order to obtar Id 
equal degree of ignition in a wire of n times the diamete_r, we ~r~fng 
have to employ a current more than n times stronger, wlule acfi e is 
to the above experiments a current with n times increased ore 
suffici.cn t. . t the 
Let us more accurately determine this relation. Accor~rng ~allic 
researches of Lenz, above discussed, the beat produced~ 
Q Melted after a while. 
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wires by a galvanic current is proportional t 
of current and to the resistance to conduction 
therefore, put 
W = s2 l .... 1.) 
7 
~here _W denotes _the quantity ~f he~t P:odncecl (\ ithin a iv 11 tim ) 
ma wire, the resistance of which 1 l tor th trength of ·urr nt . 
Y1e m~y now_ cons_ider W t~e q~iantity vf heat whi~h mu th• pro lu I 
in a given time m the wire rn order to m k 1t r •<l ho . ] thi 
wire be replaced by one of the same metal and of <jlml I 11 ,tli, lint n 
times the diameter, its surface will alHo L n tim '8 n, crrmt, nucl thi 
surface gives to the surroundinO" air-cwtcri. patibuH-n tim n 
much heat, and therefore n times a much h at, vii: 11 \ , rn11 th, 
evolved in the thicker wire in order to pr duce th Im app •·u·1 n of 
red heat. But the resistance to contlucti na of th wir of 1t ti111 
greater diameter is ~ - Denoting by ' the 1:M •ngth of urr ut 
n 
which makes it red hot, we obtain the equation: 
l 
n W = f/ 2 -n2 
therefore, W = i 2 !:._ . . . 2) 
na 
and by combininO" the quiition 1) o.ntl 2) 
fl 2 = n:i 2 
or s' = 8 vna ...... '). 
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kept unchanged. This difference already shows that the galvanic 
io-niti n is entially of another nature from that produced by the 
di charge of the jar. 
. § _5 ~. J?ete_rmination ?f t~e voltaic combination required to produce 
ignition in given metallic wires.-The mean values above obtained for 
the quoti nt !_ indicate the force of current necessary to brin()' a wire D o 
of 1 millimetre in diameter into the corresponding degree of ignition, 
Therefore, for a platinum wire 1 millimetre in diameter, to make it 
feebly red the force of current required is 165; to make it red hot the 
force of current required is 172 ; to make it nearly white hot the force 
of current required i 220. 
For an iron wire 1 millimetre in diameter to make it feebly red the 
nece sary force f current i 121 ; to make it red hot the necessary force 
of current i 135. To make a copper wire 1 millimetre in diameter red 
hot a force of current of 433 is required; for silver this value is 432. 
I con ider these numerical values only as first approximations. 
Denoting by s the force oi current which is required to bring a wire 
1 millimetre in diameter to a certain state of ignition, thens.dindicates 
the force required to produce an equal amount of heat in a wire of t~e 
same metal whose diameter is d. 
If once we know the force of current a required to produce a 
certai.n degree of ignition in a piece of wire of given diame_ter, a~d also 
the resistance to conduction r, which this wire in connexion with the 
other part of the closing circuit offers, then it is easily computed 
what com- 1ination of voltaic elements, of a known nature, has to be 
employed for the purpose. . . 
Let e denote the electro motive force w the specific resistance of one 
of the cups employed. These have td be so combined that they form 
a battery of n elements, each consisting of m cups placed together. 
Now, the values of n and mare to be determined. .8 The cups must be so combined that the resistance of the battery \ 
equal to that of the closing wire ; the total resistance, therefore, mus 
be equal to 2r. We lrnve, therefore, 
and 
ne 
2r == a, 
2ra 
n==--
e 
But the specific resistance of our b~ttery is 
n 
Therefore, 
-W == r. 
rn 
n 
m==--w; 
r 
and the value for n being substituted, 
2wa 
m=--
e 
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n .800 1W = 86, consequently, n = 12 9 
~ 10 = 60, consequently, m 2,1; 
m 
l 1 tt1 nt hn to l, 
n = ~.1 , m 
410 RECENT PROGRESS IN PHYSICS. 
manner: In the circuit of a constant battery besides a platinum w· 
which could convenient~y be tmrrounde~ by a:1 atm?sphere of differ~:t 
er.a es~ a~ ltameter wa m erted. .The rnt~ns1ty of ignition in the pla-
tmum wire was found to he very different rn the different gases but at 
the ame time, the rate of t~e decomp~sition of water .in the voltam~ter 
wa also changed, so that rn equal tnnes the quantity of detonating 
gas obtained wa greater a the heat evolved by the wire was less. The 
following uantitie of detonating gas were obtained per minute in 
the voltameter when the platinum was immersed in the gases enume-
ated: 
In hydrogen ........................ . 7.7 cubic inches. 
olefia.n t gas ...................... . 7.0 " 
carbonic oxide .................. . 6.6 " 
carbonic acid .................... . 6.6 " 
OXJCYeil ....•••...•.••.•••....•.••.. 6.5 " 
nitrogen ... _ ...................... . <L4 " 
atmo pheric air ................ .. 6.4 " 
do. condensed .................. . 6.5 " 
do. rarified ..................... . 6.3 " 
chlorine .......................... . 6.1 " 
With the appearance of light in the wire, the heat produced in it 
also is greater, as is demonstrated by the following experiment : !he, 
bulb of a thermometer was placed at a certain distance from a coil of 
wire, which wae heated to .redness by a battery of 4 cells. When ~be 
coil remained in atmospheric air the thermometer. rose 15~ in five mrn-
utes, but when it was immersed in hydrogen the rise, dunng the same 
interval, was only 7.5° . 
. Poggendorf, in a note, expresses the opinion that this phenomen~~ 
may be connected with the observation formerly made by Dulong a. 
Petit, that a heated body is more rapidly cooled in hydrog~n than_rn 
atmospheric air. To me this view seems inadmissible, for 1_f t~: w;~: 
in hydrogen gives out more rapidly the heat developed. m 1 , d. 
thermometer ought to rise more rapidly whun th~ wire 1s. place t~n 
this ga~, provide~ the quantity of h_eat produced m. t~e wire~~ e 
galvamc current 1s always the sa,me m whatever gas 1t is place 
This experiment, however, is not yet decisive; but_ another o~e; 
described. by Grove in a later memoir on the same subject, beyo~ e 
doubt refutes the above explanation of Poggendorf.-(Phil. 1Maglz:J XXXV, 114 ; Pog. Ann. LXXVIII, 366 .) Two glass. tu ti~ length 
Fig. so. B, fig. 5~, lh.5. rntc ·or diame· 
and 0.3 me rn en h end 
ter were closed at bot 
, h'ch were 
with corks, w 1 ·res 
penetrated by cop~e~ w~ub~ 
connected inside of tne ·re 
· 1 f 1 tinulll wi by a spua O P a d 3 7 
-lo inc~ in diameterT~ tube 
inches m Jength . then 
A was filled with oxygen, B with hydrogen, and the tubes w;~:ining 
placed in separate vessels, similar in every reRpect, aud co 
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ter tube was immersed in a wider vessel filled with water. Someti 
the water wa covered with a layer of oil one inch in depth. mes 
Fig. 51. 
Fig. 52, 
When the gases had to be confined over mercury, or when a longer 
continuation of the ignition was necessary, the apparatus of fig. 52 
wa used. Here the eudiometer tube is bent, and its closed end, con-
taining the platinum wire, immersed in a vessel filled with water or 
oil ; the open end dipping into another vessel containing the water or 
mercury, used for confining the gases. With this apparatus the 
following results were obtained : . 
Nitric oxide, over distilled water, contracted in varying proport10ns 
to the heat. (The volume, of course, was not measured before the 
apparatus had entirely cooled.) In the best experiments the coll:tr_ac-
tion amounted to one-third of the original volume. The remamrng 
gas was nitrogen, and nitric acid was found dissolved in the wate\ 
Nitrous oxide was decomposed into nitrogen and o~ygen; t e 
volume increased by 0.35 of the original. The full eqmvalent pro· 
portion or 0.5 could not be obtained. 
Carbonic acid did not show any perceptible change . 
.Ammonia increased to double its original volume; the gas could n~ 
longer be absorbed by water, and consisted of 3 vol. of hydrogen an 
1 vol. of nitrogen. 
Olefiant gas contracted a little, and deposited carbon. :h: :;~ 
mainder was hydrogen and olefiant gas ; the greater the ea 
more hydrogen was formed. 
Ritrogen remained unchanged. . . lume; 
Oxygen contracted but very little, about one-fiftieth of its vo 
it might, perhaps, have contained a. minute q uantit}'." of hydrog_en.olu· 
Chlorine over water gave white fumes, and a gray1sh-ye1_Jow 10!ire. 
ble powder collected on the sides of the tube, near the platinum atest 
this was afterwards found to be chloride of platinum. The gre or 
part of the chlorine combined with the hydrogen of the aquewt v~pth; 
and the muriatic acid formed was absorbed by the water. b et one-
experiment was finished the volume of gas was reduced to a ou 
half, and the remainder was oxygen. how the 
With bromine and iodide of chlorine oxygen was evolved, ( fectly 
experiments with these bodies were performed I could not per 
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wire upon the different gases. After many unsuccessful experime t 
this decomposition was effected by means of the following apparat! ~ 
A bent glass tube 
Fig. 53. 
open at one end, (fig'. 
53) was connected at 
its other end by a nar-
row neck, with a bulb 
into w½ich the plati-
num wire passed, as 
represented in the fig-
ure The whole tube 
was filled with water 
previously freed from 
air, and its open end 
immersed in a vessel of water. On applying a battery of two zinc-plati-
num cells, the air in the bulb was expanded and expelled so that the 
wate.r entered it and then soon boiled, and at a certain period the wire 
became ignited in the vapor. "At this instant a tremulous motion 
was perceptible, and separate bubbles of the size of pin-heads ascended 
and collected in the bend of the tube. It was not a continuous evolu-
tion of gas as in electrolysis, but appeared t~ be a series of jerks; the 
water in returning through the narrow neck formed a natural valve, 
which cut off by an intermitting action portions of the atmosphere 
surrounding the wire." The collected gas was detonating gas. 
That this evolution of detonating gas can certainly not be attribu~ed 
to electrolysis has been satisfactorily demonstrated by Grove. I give 
below the most important of his arguments. 
1. A battery of two cups produces in distilled water, eve~ under 
the most favorable conditions, a scarcely perceptible electrolysis. 
2. The decomposition did not commence until the wire became 
ignited. 
3. When the wire was divided no gas was evolved. 
Grove now endeavored to produce the decomposition of aqueous 
vapor in such a manner that the red hot platinum wire could o~lh 
come in contact with the vapor. A glass tube, as in fig. 54, ':hie 
Fig. 54. 
at its closed end had a curved platmum 
wire melted in, was filled with wat~r 
which had been carefully freed fr~m au 
by long boiling and the air pump i it was 
then inverted in a vessel of the sa~e 
water, and a spirit lamp applied \0 1a: 
closed extremity until the upper hal w 
h .[' sur-filled with vapor which t ereiore . 
' . The wire 
rounded the pl9,tinum ~ire: . After 
was then brought to full 1gmt10n. 
. b k d the lamp the connexion was ro en an ded 
removed, the water gradua~ly as~e°tbe 
again, but a bubble of the size of a mustard seed remamed inrface 
tube, and detonated when touched by a lighted match at th.e sieine1 
of the water trough . . The experiment was repeated, the wire " 
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To obtain a continuous evolution of the mixed gases from wate b 
jected to the action of heat alone, Grove constr1:1-cted the app:r!~u; 
Fig. 56. shown rn fi.g .. 56; a and b 
~re tubes ot silver 4 inches 
m length and 0. 3 in diam-
e~er, connected by two pla-
trnum caps to a tube of a 
perforated platinum wire 
0.125 inches diameter the 
bore having the diameter of 
a large pin ; a is closed at 
the extremity, and to the 
extremity of b is fitted, by 
means of a coiled strip of 
bladder, the bent glass tube d. The whole apparatus is filled with 
water freed from air, and, after having expelled the air from a by 
heat, the end of the glass tube was immersed in a vessel of boiling 
water. Heat is now applied by a spirit lamp, first to band then to a, 
until the whole boils; after this the flame of an oxy-hydrogen blow-
pipe is directed upon the middle part of the platinum tube c, and when 
this has obtained a high degree of ignition gas is evolved which, mixed 
with vapor, soon fills the whole apparatus, and escapes through the 
open end either into the open air or into a gas collector. 
The gas thus obtained left, after its detonation, a residue of 0.3 of 
its volume, con isting of nitrogen and a trace of oxygen. 
That, in all these cases, the remnant consists of nitrogen is _caused 
by the great difficulty or even impossibility of absolutely removmg all 
the air from the water. 
This series of phenomena is very remarkable ... While the detrnating 
gas, under the influence of beat, is condensed to vapor_ o~ water, we 
have here exactly the opposite action, though to a very hnnted ex~ent 
only. The elaboration of the more intimate conditions and relatwns 
of this decomposition of aqueous vapor, which might lead to an explan-
ation of the phenomenon, we must leave to the future. . f 
When Grove says '' that these experiments afford some promise 0 
our being, at no d·istant period, able to produce mixed gases fo~ pu'.~ 
poses of illumination, &c., by simply boiling water and ~assmg \ 
through highly ignited platinum tubes, or by other method~,' I canno 
help expressing my doubts whether, even if the manufacture 0:U1~ large scale should succeed, the detonating gas thus produce~ c 
give more light and heat than the fuel consumed in its formatwfi. a 
§ 63. Application of galvanic ignition to blasting rocks.-lt ha! ~~ic 
long time been known that gunpowder can be ignited by thee ef the 
spark, as shown long ago by Franklin, and still repeated as on~? by 
usual experiments in the lecture room. But, although blastwg too 
means of frictional electricity is therefore possible, still there ar~ its 
~any difficulties in the way of the process to allow us to expec 
mtroduction into practice. . . . b the 
Hare was the first to employ the ignition of metallic wues 1 Y nu galvanic current in blasting. But his apparatus was too comp ex a 
RECE .. ~T PUOG E I 
1 ·rot tliiR 1.mt nee. 
1 ::2,) !tows tlmt Dr. Haro' 
s that here d , cr'bctl 1 
27 .) 
418 RECENT PROGRESS IN PHYSIC§. 
r. After_ all dnst and mo~~ ture ~re properly removed fr:om it, one half 
01 the mtended charge 1s Pl:t ~nto the hole, the cartridge is inserted 
and the remammg gunpowder 
Fig. 58• filled in above it. Thus, the Fig. 59. 
cartridge is in the middle of the 
charge, and the long conducting 
wires ~till project several feet 
above the rock. The charge is 
not tamped in the usual way. 
A wadding of straw or tow is 
carefully pushed down the hole, 
so that a space filled with air, of 
variable size according to circum-
stances, remains between it and 
the charge. Upon this wad dry 
sand is poured until the bore is 
entirely filled. 
The two separate ends of the cartridge wires 
must now be brought into connexion by con-
ducting wires with the battery 60 to 90 feet 
off. The conductors are also covered wires 
about one line in diameter, placed side by side 
and kept close together by being wound over , _-. 
with twine throughout their whole length, · 
with the exception of their extremities) where they are to be connected 
with the battery and with the cartridge wires. . 
It is sometimes necessary that the person who has to igmte t~e 
charge should still be further off from the charge than the bat_tery 18, 
and for this purpose an arrangement must be made by which the 
circuit may be closed from a distance. 
Roberts contrived the following arrangement for this purpose: upon 
two opposite ends of the box which contains the battery two ~ood~~ 
posts are erected, connected above by a wooden rod of 0D;e rnch ~ 
diameter. At one end a tin disk, A, fig. 60, three to four mches in 
Fig. 60. 
E 
diameter, is fastened, to which ·a wire is soldered c?nducti~g/~t::eJ 
say the positive pole of the battery. Another tin disk~~' ~ ~ froDl 
to a tin tube, made to slide easily on the rod, and _this 18 { d with 
A by a spiral spring. One end, D, of this spiral 1~ con~ec feads to 
one of the conducting wires, while the other conductmg wire nect.ed 
the negative pole of the battery. The disk B is therefore con 
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always consists of oxydized particles of the metal used as the positi 
electrode. ve 
If the negative pole has the form of a plate, while the positive p l 
is a point, the depo~it of the transf~rre~ ~atter upon the pl~t: 
foi:ms a very regular rmg, the centre of which 1s the projection of the 
pomt upon the plate. 
Wl!en the arc of light is taken between a m~~allic point and an 
opposite surface of mercury, the latter, when pos1t1ve rises in a cone 
but forms a cavity when negative. In this case it is very difficult t~ 
observe accurately the minutire of the phenomenon) on account of the 
great quantity of mercurial vapor evolved. 
. De 1~ Rive made experiments with plates and points of platinum, 
iron, silver, and copper, but I cannot enter upon the details of the 
experiments, because there is much that is not clear to my mind; in 
many cases, for instance, I cannot see in the individual experiments 
the proof and confirmation of the generalizations announced. A 
repetition of these experiments and an accurate descdption, illustrated 
when practicable with figures, seems therefore very desirable. 
§ 65. Intensity of light of the voltaic arc.-Oasselmann _has made 
experiments upon the intensity of light of the voltaic arc, which have 
been described in the memoir already mentioned. They were after-
wards also copied into Poggendorf's Annals.-(Pog. Ann., LXIII, 
576.) The photometer used in his experiments was constructed upon 
the same principles as that described in the third edition of my Lehr-
buch der Physilc, vol. II, 674. The carbon pieces, between which ~he 
arc was taken, were of the same composition as that used in the cylm-
ders of Bunsen's battery, but prepared also in other ways, as ~ome_of 
them were saturated in solutions of nitrate of strontium, boracic acid, 
&c., and then intensely ignited. Thus prepared they gave a ver~ 
steady light, differently colored, according to the solution employed , 
and the carbon points could (with a Bunsen battery of 44 cups) be ~e-
moved to a distance of 7 to 8 millimetres before it disappe~red, whf: 
the unsteady light of unprepared carbon went out at a drntance 0 
millimetres. . ·t 
A tangent compass was at the same time inserted into the cucud~ 
so that for each measurement of the intensity of light the correspon 
ing force of current could be determined. t the 
The brightest parts of the whole light, it is well known, are; the 
points of the two pieces of carbon, upon which the arc rests, . :that 
following table the intensity of the whole light is compared 'Y1l once 
of a stearine candle, and for each kind of carbon, with the pom 8 lue 
at a very small, and then at the greatest possibl_e dista~ce. The va 
of the force of current are reduced to the chemical umt. 
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Unprepareu carbon •• _._ ••••••••••••••••••••••••• __ •••• 
mm. 
O.a 
I. I 
Uarl.,on with nitrate of strontium ____ ······--·--········· o. 5 
G. i, 
Caruon with caustic potash............................. 2 . . , 
.0 
Carbon with chloride of zinc............................ I. o 
r,, 0 
Uttrbon with borax in sulph. acid........................ 1. , 
6,0 
Ourhon with horncic acicl •••••• - •• - - - -·· ••• •• • •• •• • • • • •• 
Cnrbon with sulplrn.tc of so<la. ••••••••••••••••••••••••••• 
The carbon saturated with u]ph 
ncs before u c. · 
It follows from these .·perim. nt th t 
crca ed in a somewhat gr a.ter rat10 han 
.,:t 
67 
a 
J I 
2 
] 
7 I 
ITI 
l 
i • 
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It is to b.e re.gretted that ~e have no measures of the intensities of 
the galva.mc light, when different metals are used instead of the 
carbon porn ts. 
. Fiz~au and Foucault ?ave al.so made comparative experiments on the 
mtens1ty of the galvamc arc light, but from another point of view.-
(Ann. de Chim. et de. Phys. ser. III, T .. XI, ~P· 370; Pog. Ann., 
LXIII, 463.) They d1d not compare the rntens1ty of the light from 
different sources, but its chemical effect. In this way they compared 
the galvanic light with that of the sun, and of lime incandescent in 
detonating g~s .. Th~ experiment w.as cond~cted in the following 
manner: An 10d1zed silver plate was rnserted rn a camera obscura in 
the place where the image of the sun or of the light, emanating fr'.om 
the carbon or lime, was formed. After a short action of the light the 
camera obscura was closed, and the position changed, so that another 
image of the object was shown upon the prepared silver plate beside 
the first one; the exposure was somewhat longer than before; for a 
third place still longer, &c. The plate was then put into the mercury 
bath and examined, in order to find which one of the images became 
visible by the action of the mercurial vapor. In this way it was ascer-
tained how long the light had to act in order to produce that change 
in the iodide of silver, which is necessary for the condensation of the 
mercurial vapor. ' 
If all the other circumstances were entirely identical, the time re-
quired for the production of the Daguerrean image would be ne~rly 
inversely proportional to the chemical intensity of the correspondmg 
sources of light. . . 
But Fizeau and Foucault used for their experiments with the arti-
ficial light lens of shorter focus than for obtaining imag:es ?f ~he sun; 
the aperture of the lens also was varied by means of diaphragms. 
These circumstances have, therefore, to be taken into ~cco1::nt. . 
If the image is n times further from the lens, 1t w1l~, creteris 
paribus, be n times greater in its linear dimensions, and will, the:e· 
fore, cover a surface n2 times as large, and consequentl.Y the1 Ill· tensity of light at each point of the image will be n2 times ess: 
The chemical power of the source of light may, therefore, be cond 
sidered proportional to the square of the distance of the image forme 
from the lens. . th sur-
But it is also, as easily perceived, inversely proport10?al ta_· e and 
face of the opening of the lens, i. e., to the square of its ra rns, 
therefore 
d'2 
J:=-2 
t. r d' 
f 1 · , t d the is-w hen J denotes the chemical power of the source o. ign , . and t 
tance of the image from the lens, r the radius of its openmg, 
the time required to produce a Daguerrean image. t e of the 
If we denote by a the angle which the radius of the aper ur 
lens subtends at the place of the image, then 
r d ==tang.a 
therefore J == 1 
t. tang. a 
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Sun-light, in August and September, a.t noou with 
Carbon-light, produced by 46 Bunsen's zinc-~arbou 
Lime-Uglit .....................................................•..••.......• , 
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treatise aheady mentioned, in § 64, adds, in reference to this fact th 
following observations: ' e 
W~en, in forming ~he arc, a P?sit~ve metallic point is opposite to a 
negative plate, the pomt becomes igmted throughout, while on invert-
ing the poles the negative point is heated at its extremity only. 
If two points of the same metal are opposed to each other the posi-
ti!e one become~ more intensely i~nited, and over a greater length. 
It they are of different metals) of course that one becomes most in-
tensely ignited which is made of the worst conducting metal. 
To this category belongs also an observation of Walker, made with 
a Daniell's·battery of 160 cups.-(Trans. of the Lond. Electr. Soc., pp. 
65 and 71; Pog. Ann., LV, 62.) He laid the pole wires crosswise, 
but so that after the contact they were again moved to a little distance 
from each other, and a short arc of light passed between them. Under 
these circumstances the positive end of the wire, from the point of 
crossing, became so intensely hot that it softened and bent, while the 
negative end remained comparatively cold. 
Experiments on the heating effects of the voltaic arc have been 
made on the greatest scale by Despretz. He collected, in Paris, 500 
zinc-carbon cups, and arranged a battery of 124 elements, each ?on-
sisting of four Bunsen's cups. When a piece of sugar carbon, m a 
glass globe exhausted to 5 millimetres, was brought between the poles 
it became intensely ignited and the globe was covered with a dry, 
crystalline black powder. Carbon from gas retorts produced the same 
effects. This shows a sublimation of the carbon. 
Despretz thinks too that he observed traces of fusion of the carb~n. 
At any rate his experiments show that carbon evaporates mo1:e readily 
than it melts. He believes that it could be melted in metallic vessels 
in an atmosphere of compressed nitrogen. Similar in ~ehavior .\0 
carbon are lime, magnesia, oxide of zinc, &c. Alumma, ruti t 
anatase, nigrine, oxide of iron, &c., form at :first small globules, bu 
afterwards evaporate. t 
Previous to these experiments with 496 cups Despretz bad used~ bt · 
tery of 165 elements, and combined the heat of its arc with that O t e 
oxy-hydrogen blow-pipe and of the sun concentrated through a se?· 
tional lens 90 centimetres in diameter. The effect of the galv~n~ 
battery was increased by the addition of the other sources of. hej · _ 
(Comptes Rendus, ,July, 1849, No. 3; Dingler's Polytechmc our 
nal, CXIV, 342.) 
§ 67. Influence of magnetism upon the voltaic arc.-That roagn~~~ 
forces have an influence upon the position and form of th~ arc. is 
already been observed by Davy, and it is known that this aTten 
affected by a magnet in the same manner as a movable conductor; rn 
a galvanic current is passing through it; the terrestrial ma~ne_ :~h; 
therefore, must also act upon it. By the motion of the heate au vex 
arc of .light is always carried upwards, so as to form a curve, ionucrh 
above. If we conceive a perpendicular plane to be pass~d t ro n~t-
!he ca:bon points lying horizontally' the action of t_errestnal:r: this 
ism will be such that the highest point of the arc will never e 
plane, but on one side or the other. 
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qasselmann, ~n his_ treatjse a~reacly meufi 1 , in 
penments on this SU?Ject. IfJ with oppo:ito h riz n l 
the current was passmg-
From 
N. to S. 
W.toE. 
S. to N. 
E . toW. 
The deviation of the np x w to 1 
h. 
N. 
w. 
S. 
Th~s can be easily ~educed. In fig. GI a ancl b r pr 
horizontal carbon pomts between which the 
arc is produced. If now we imagine a per-
pendicular plane passed throuah a ancl b 
and a straight line to pass perpendicularly 
through the plane between these points us 
indicated by the arrow, then a steel ne~dle 
placed in this line would be magnetized hy 
the current of the arc, and its N. end would 
be at the point of the arrow when the posi-
tive current is passed from a through the arc t,o, anl b. 
influence of the terrestrial magnetism the . ·rHl of th n 
dip, and in like manner also the arc wm be inclined fr 1 
plane towards the direction of the N. encl of the n dl . 
If a is to the west} and b east, the incl in tion will 1 t r 1 
north when the current is passing from a to b · hut ith ~ cli1 · i 1 
of the current from east to west, the nort-h encl of th upp n •-
netic needle would be on the south si<lc of the re, un l h • I 
therefore, would incline toward the south. 
By means of this supposed magnetic n cllo w ~rm, ncl r 11 
cumstances, determine in what manner the arc \ ill b t l 
terrestrial magnetism or either pole of a mngn ,t, r , ·h 
l)Osition when placed between the two pol s of n. hor - h m 
If, instead of one of the carbon poles, n mn.gn tic bar i u I h 
the arc is formed between carbon and steel, tlic nr · t t u lJl I 
magnetic pole according to the same laws which npply h •n I n 
ble current rotates around a fixed ma(l'nct. rrhc f r t n 
ence to this rotation of the arc is given by Wnll r, in h 
tions of the London Electrical ociety'' from 1 !l7. t l 
Ann., LIV, 514.) De la Rive also ha: mntl · c. J _rim n. n 1 
fluence of magnetism upon the volta1_c Ir·, l!u JU h ~ 1 
Their description is found in the memoir mcnt,~ n. i lr I rn 
. I shall quote here from De la R:ive's mom I~ l!t. r 11_, rn. i 
give a characteristic example of his w nt of P1 CI I n Jll 
~hich his papers are frequently renclorcd ol ur , 1 
iloned: 
. "If two points of soft iron, acting _n lectr l 
within a helix formed of thick copper w11· !' ' r 1 
arc developed between the two point of ir 11 r 
~~rong current is passed through the wir~ f th h : 1 if this current be arrested before the J> int ~1 1 . 011 I U 
arc cannot be formed between the two tr !1 1 1 } 
nctized, whether by the action of'the hehc or b' 
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magnet, unless they be :>rought much nearer to one another and the 
appearance of the phenomenon is then entirely different. The trans-
ported particles appear to disengage themselves with difficulty from 
the positive electrode, sparks fly with noise in all directions while in 
the former case it was a vivid light without sparks and with~ut noise 
accompanied by the transfer of a liquid mass, and this appeared to b~ 
effected with the greatest ease. It is of little moment with respect to 
the result of the experiment whether the two rods of magnetized iron 
present to that part of their extremities between which the luminous 
arc springs the same magnetic poles or different poles. 
"The positive electrode of iron, when it is strongly magnetized, 
produces, the moment that the voltaic arc is formed between it and a 
negative electrode of whatever nature, a very intense noise, analogous 
to the sharp hissing sound of steam issuing from a locomotive engine. 
This noise ceases simultaneously with the magnetization. 
"For the purpose of better analyzing these different phenomena, 
I placed an electro-magnet of large dimensions and great power in 
such a manner as to enable me to place on each of its poles, or be-
tween them, different metals destined to form one of the electrodes 
of the pile, while one point of the same metal, or another substance, 
acted as the other electrode. I have alike employed as electrodes, 
placing them in the same circumstances, two points of the sa~e metal, 
or of different metals. The following are the results which I have 
obtained: A. plate of platinum was placed on one of the poles o_f the 
electro-magnet, and a point of the same metal was placed vertically 
above it; the voltaic arc was produced between the plate and the 
point, the plate being positive and the point negative. As soon as 
the electro-magnet was charged a sharp hissing was heard. It be-
came necessary to bring the point nearer to the plate to en~ble the arc 
to continue, and the bluish circular spot which the platmum plat! 
presented became larger than when the experiment was made beyon 
the influence of the electro-magnet. . . . ct 
t "'rhe plate was made negative, and the pomt positive. T~e e~e d 
was then totally different. The luminous arc no longer mamtamek 
its vertical direction when the electro-magnet was charged, but t~~ 
an oblique direction as if it had been projected outwards towards e 
margin of the plate.tt It was broken incessantly' each time accomr· 
nied by a sharp and sudden noise, similar to the dischar.ge of a Ley ~n 
jar. The direction in which the luminous arc is projected detn 8 
'upon the direction of the current producing it, as likewise on t e )~; 
sition of the plate on one or other of the two poles, or between the pod a 
of the electro-magnet. A. plate and a point of silver, a plate antal 
point of copper, and generally a plate and a point of any other me na' 
provided it be not metal too easily fused, present the same phen~;11eity: 
"Copper, and still more silver, present a remark~ble pe?u iaf the 
Plates of these two metals retain on their surfaces th~ 1mpresswn ° hen 
action that took place in the experiments just described. Thus, wega-
t~e pla~e is positive, that portion of its surfac~ lyin~ beneat\!hJ ~etal 
trve pomt presents a spot in the form of a helix, as 1f the me e t the 
in this locality had undergone a gyratory motion around a centre) a 
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. In an economical point of view, therefore, the galvanic illumine,. 
tion of streets, halls, theatres} &c., does not appear advantageous 
But there is yet another difficulty; the management of the battery 
and of tlie whole apparatus is too complicated to be confided to such 
persons as generally have charge of the illumination; the carbon 
points are continually changing, and their position, therefore must 
be co~tinual_ly r_egulated. in ?rder to keep the ~ight ~niform a~d pre-
vent its extmct10n. It 1s difficult to accomplish this regulation by 
mechanical means, though different contrivances have been proposed 
for the purpose. Le Molt, for instance, obtained a patent in England, 
in 1848, for an apparatus for galvanic illumination, in which carbon 
Fig. 62. disks, with the form represented in fig. 62, take the place 
of the points. Two of these disks are placed with their 
sharp edges opposite each other ; their axes rotate uni-
formly by means of clock work, and their distances are 
regulated by a metallic spring. 
It is therefore scarcely to be expected that the applica-
tion of galvanism to public illumination will have any 
practical success. But Donne and Foucault have obtained very 
favorable results from their experiments, in which the galvanic carbon 
light was substituted for the incandescent lime in the so called gas 
microscope. 
A tolerably complete description of the photo-electric microscope of 
Donne and Foucault may be found in the 4th edition of Pouillet, Ele-
ments de Physique Experimentale, &c., vol. II, pp. 746. We can 
here only indicate the most essential parts of the apparatus. The 
luminous arc is produced between sticks of carbon cut from the hard 
carbon of gas retorts ; they are made 
Fig. 63• in the shape represented in fi g. 63, th0 
negative electrode being pointed. and 
:n· P the positive blunt. These carbon pieces 
~- r::rr e ~~B' are so held that their position can 
easily be regulated. 
A general idea of the arrangement of the illuminating appar~tus 
of this microscope may be gathered from the diagram fig. 64 .. abis ~ 
concave mirror of an aperture of a ou 
Fig. 64· 1 decimetre and a radius of l. 6 de-
cimetre. The carbon light is at bth: 
little nearer to the mirror than c, h t 
centre of its curvature, and so mew. a 
higher so that the rays emanatinhg 
' h t e from b are collect.ed at /, w der_e ·n 
· fi 1S 1 -minute object to be magm e f 
tensely illuminated. 'The syate~:fi~d 
lens throuo-h which the magm 
• 
0 
• • h upon a image of the obJect is t r~wn lar 
screen 4 to 5 metres distant is precisely the same as m the so 
microscope. the 
To diminish the great heat at f, a vessel is placed between . it 
:Ui!ror and b, the sides of which are made of polished plate glass ;1o-
1t 1s filled with a solution of alum by which a great part of t e c 
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be brought into contact before the current can be produced Aft 
1 b . h b . . er t 10 car on pomts ave once een m contact, they may be separated 
from each other and. then t?e luminous arc is formed. The arc also 
can be produced by d1scbargrng the spark of a Leyden jar between the 
carbon points, instead of bringing them into contact, as bas been 
observed by Daniell, (Phil. Trans., 1839, 89; Pog. Ann. LX 379) 
and p!:eviously by Sturgeon.-(Ann. ofE]ect_r., VIII,_ 507; Pog~ An~. 
X~JX, 122.) The latter b_eheves that this _expe_nment originated 
with Herschel. The format10n of the current m this case is evidently 
caused by conducting particles carried from one pole to the other by 
the spark. 
Even the powerful batteries which have been used to produce the 
luminous arc have not yet sufficient tension to effect the passage of a 
spark through the smallest distance. 
Jacobi fonnd by accurate measurement that the poles of a battery 
of 12 zinc-platinum elements could be brought to within 0.00005 inch 
of each other without a spark passing.-(Bulletin of the Petersburgh 
Academy; Pog. Ann., XLIV, 633.) 
Gassi~1t obtained distinct sparks from bis great water battery.-
(Phil. Trans ., f. 1844, pt. I, pp. 39; Pog. Ann , LXV, 476.) This 
remarkable battery consisted of 3,520 glass tumblers, each containing 
a zinc rod and a copper cylinder. They were charged with rain 
water. The tumblers were distributed upon 44 oaken boards, every 
11 of which were combined in a stand, similar to the shelves of a book 
case, and were supported by four strong pillars. Especial care was 
taken to secure perfect insulation, the glasses were varnish~d ~nd 
placed upon glass plates, and these as well as the boards were m like 
manner covered with varnish. 
It might be expected that this battery, when the circuit was ~nclosed, 
should exhibit in a decided manner the phenomenon of tens10n, and, 
in fact, the leaves of a gold leaf electroscope diverged already, when 
yet at a distance of 2 or 3 inches from one of the poles. . 
As soon, however, as the battery was clos~d, all signs of te~si~n 
disappeared. When the poles of the battery were brought w1thm 
0.02 inch of each other sparks continually passed between them. t 
one case this phenomenon continued day and night for fiv~ we\s 
without interruption. Several months after its construction t e 
battery showed no signs of decrease in strength. . t 
Since the ordinary galvanic batteries have no striking d1s~ance ad 
all, it is evident that the appearance of light observed in opemng an 
closing even simple batteries, must be an entirely different phenomenon 
from that of the common electric spark. . . . that 
In the memoir just mentioned, Jacobi states it as lus opim0\ 0 . 
the usual galvanic spark is a phenomenon of ignition and combus.;~h~ 
the extremely fine points which first come into contact and permi ro· 
conduction of the current, become incandescent and burn, ~nd thu,r£ere 
duce, according to Jacobi's opinion, the phenomenon of light. b tion 
is no doubt that with more vivid sparks such ignition and ?0 m1:~ne; really do occur, but then the phenomenon is no longer a simp . urn· 
in closing and opening a battery the spark is observed under circ 
stances which make ignition and combustion very improbable. 
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